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Proper s« rap me tal segregation avoids loss of t 


Irreplaceable Alloys Lost to War Program 
Metallurgists Aid Needed 


Metallurgists can give invaluable assistance to America’s from machines whenever a new run calls fo 
ferent kind of steel. Specially marked bins ar 
accumulate quantities suitable for unit ship 
Whenever there is doubt about any scrap, it is c! 
by rapid qualitative tests. 


total war effort if they will help prevent the loss re- 
sulting from mixed alloy scrap. “Scrambled” scrap is 
never an advantage to steel mills, and it takes from 
war industries great quantities of scrap and irreplace- 
able alloys. Nickel-bearing scrap salvaged in twelve months 
plant contained 110,000 lbs. of pure nickel—a 
shop saved 75,000 Ibs. of nickel and 35,000 
chromium. 


In many American plants segregating and classifying 
scrap is a co-ordinated effort by metallurgists, the de- 
sign department, operating heads, supervisors, and the 
machine operators. New men are carefully instructed on You, with your knowledge of alloys and alloy ste: 
the importance of segregating various kinds of scrap— advance the war program bv rechecking s« rap 8 
tote boxes, designated by name and color, are removed tion methodsto make certainthat no pre iousallo 
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n concerning the carburization of iron by carbon mon- 


and useful to him in appraising and improving his own practice 
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Wire a great deal of empirical carburizing The behavior is over simplified in the above 
€ practice exists in industry, the principles, equation. For better carburization, “energizers 
hemical and physical, underlying the phenomenon are usually added to the carbonaceous material 

kt 1, though they have not received the con their role appears to be one f eatalwsts rather 
sideral due them. Of course, the practical heat than reactants 
eater doesn’t care much about the how and the In gas carburizing, it is quite obvious thal 
fa good ease as long as he has one that will CO:CO. mixtures proceed as indicated tn equa 
iss the specification or sometimes “just as tion (1 
~ is he | S ai case” Gas mi fures are prepared Wy numerous Ways 
Witl i better understanding of Las metal Natural gas as such is an excellent carburizer, bul 
ind the behavior of carbon in the iron, its high methane content leads to soot deposition 
roduce cases (carburize) with ease and See page 926 Atmospheres have been prepared 
nty, and thereby control the type of case by volatilization of turpentine, gasoline aniline 
changes in the variables associated and benzene. Gas mixtures have been prepared by 
eration. For example, the element of passing hydrogen, nitrogen, and even air through 
f considerable importance. If a gear these liquid hydrocarbons. City gas ts often used 
burized satisfactorily in 6 hr., why do but it must be dried and often enriched The most 
I. ‘cconomical gases are prepared from = partially o1 
/ Carburizing, or more specifically completely burned natural gas. Flue gas mixed 
ing, «Ss done commercially by three with natural gas has been used, and flue gas passed 
through heated charee al also h is been successtul 
Solid or pack carburizing In all these typ s ol gas pl mddluction the higher 
Gas carburizing hvdrocarbons break down to methane, CH,, carbon 
Liquid or fused salt carburizing ind hvdrogen. Carburization can then be said | 
ssible to consider methods No. 1 and 2 proceed by a second reaction, in addition to equa 
it has been long established that both tion (1) above 
the action of CO: CO, mixtures. Strictly CH Fe = ( oH 9 
liquid carburizers also fall into’ this 
However, the most important commercial 
ice the CO dissolved in the fused salt 
loes the work: however, this method 
included in the present discussion. 
lid carburizers the carbonaceous mate 
with the air supply to form a mixture By James K. St 
uA CO., which mixture then reacts with 






rlace according to the equation: 







Fe + 2CO2C,,,, CO 
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hig. 1 Experiment Shows variables of pressure and 
That at Carburizing Tem- that makes the above 
peratures, Practically All the to or abstract carbon f; 
CO. Reacts With Carbon to When a metal such as 
Form CO. Data from Table I rT] 200%C0-+C 5 — _ the system 
vield carbon to (carburiz 


reaction is that of equa- carbon from = (decarburiz 


Carbon 
Monoxioe 
Egui/iorium- 


SS 


tion (1) and for this rea- depending on the condit 
While the carbon n 


librium governs the ca 


son it will be the one 


N 
fguilibrium Constant # 


considered here. Further- 


more, to bring this sim- process, it does not actua 


plified discussion within the true state of things. be 


PCO2 
Kak 
Mf Peo" 
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bounds, it is assumed component, iron, is ad 


Carbon Monoxioe. % 
8 & 


that moisture, oxvgen actual carburization equ 


and H.S are absent the one noted at the outs 











Equilibrium O Fe 2CO = ( 
sSefore discussing equa- 600 800 1000 


Chis re 
7 o 
tion | it should be Jemperature, °%. written in 


recalled that it is the lemperé re 


Oe 


Iractions f 


behavior of the gas phase which determines and partial 


1000 
1200 


how much the iron will be carburized ol 


the gases, si 
even decarburized. The governing reaction 1s | sistent systet 
2CO = CO C 3 trations can 
the study 
N p 
N 


and its behavior or shift with temperature 


and pressure total and partial is well 


+ 


known from precise studies extending back 


Sta LOQig K 


HO years. In equat 


fraction, N 


7] 
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The change in concentration of the CO 
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~ 
—. 
 " 
~ 
ee) 
nN 
SS 
=~ 


and CO, with temperature, as determined by solution 
analysis, is given in Table |. The per cent 
of each gas is, in this binary mixture at 


atmospheric pressure, equivalent to the cor- 


Fig. Zz Logarit! 


responding partial pressures. Equilibrium librium Const 
ons 


Equilibr 


constant is determined from the latter by Equation 2CO 


the equation Ix Peo ‘ . and since the F Plotted Against Ri 
Pp ae 4 -_— fhsolute Tempe ra 

effective concentration (activity) of pure -” ful for Estimati 

solids is assumed to be unity, the equation °C +273 Values at High 7 


is written as follows: 
Poo 
KX p Table I CO:CO, Equilibrium at Atmospheric Pressure’ 
Change with temperature tn 





. PEMPERATURI CONSTITUENTS ParriAL Pressures Egvuiii 
the concentration of CO 
ind CO, and the equilibrium . CO p 
constant is shown better in 849 150 ” aon pane 
Fig. 1 and 2, which indicate 93 TT 7 - 0.95 0025 
the tremendous effect of 1022 550 0.89 0121 


temperature on this reac- 1112 600 77 2: 0.77 0529 
1202 650 61 ‘ 0.61 1521 
‘ : ; 1292 700 12 os ).42 3364 
thing to notice is that most 1382 


tion. The most important 


790 24 ) 0.24 0770 
of the CO, has reacted to 1472 800 10 a0 0.10 8100 
form CO when equilibrium 1562 850 6.23 93.77 0.062 880 

1652 900 9 99 97.78 0.022 956 
1742 O50 1.32 98.68 0.013 974 
1832 1000 0.59 99,41 0.006 O88 
Therefore, in box carburiz- 1999 1050 0.37 99.63 0.004 0.992 


is established at high tem- 
peratures (above 900° ei 


ing at 1700° F. there are 98 9()12 1100 0.15 99.85 0.0015 0.996 
parts of CO to2parts of CO... 2192 1200 0.06 99.96 0.0006 0.999 











} . . ‘ ce 
It is the change mn *Data to 800° ¢ from Boudouard, Ann. Chem. Phys., 


equilibrium caused by these temperatures from Rhead and Wheeler, J. Chem. Soc., Vol 
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where n is the number of mols 
a 
ponent. Also, N, N, a 
juation (4) the equilibrium constant is 
K N, Poo, } 7 
\ N,.) (Poo)? ») 


ental data acquired by numerous 
of the iron:carbon: oxygen system 


ous temperatures, 
The utility of this figure is easily seen: To 

0.20 + at 1700° F 

the usual carburization temperature, up to 1.00 

l the 

)" (4 ).. 


carburize a steel 925° C., 


carbon in the outer layer point on dia 


gram and 


97.8 


an atmosphere containing 
CO is required. A higher CO concentration 


will continue to carburize up to the limit of solid 





























calculated so that K could be ascer- solubility; for instance a CO content of 99 at 
the results are in Table II. 
hese values of K the we : Diol ; 
O:CO, in equilib- rable Il — Equilibrium Constant of Equation (1) 
steel were obtained. Dis ealiiciaatine (Ne) (pew) 
; ER )UILIBRIUM Con . ( 
g of the two ratios . ee oS (Peo) e 
s | \* 
n » namely, : 10 
CO vs. N,.): Ne ) F. ( T a (b i Averaus 
gular hyperbolas on a 
: . 1382 Zo 8 11.9 10.7 6.25 0.6 »O18 
raph paper is. diffi- - . 
ral pe] 1472 800 9.3 5.9 24 2 78 {0 > 377 
he curves are hard to 1562 850 89 4 1.9 7 ys 9 553 
itely and interpola- 1652 O00 8.5 9 6 1.02 0.93 -: 7 8904 
verv inaccurate. A 1742 990 8.2 1.30 0.60 04 () s.018 
, , 1832 1000 7.8 O.85 0.36 0.36 0.58 0.54 , 268 
tical way is to plot , . 2 
. 1922 1050 7.6 04 0.94 t620 
on log-log scales SO 9()12 1100 72 0.16 ().9R ().99 8 O58 
t} esulting curve becomes 
. a. 2 ; 1) G. Takahashi, Sci. Rep. Tohok l I ‘ \ ] 1 ( ’ 
hf > 
cht line. This is shown 3 @iniier ead & teak 5. = ales cen ot a 
co below, on which the \. Jinkings, Iron Steel Inst l dor Ca Scholl. Me \ 1s 
CO c te { are giV n \. Johansson and R. v Set! 1.1 Ste Ins I j \ ; 
a ae aay: i) M. L. Becker, J. Iron Steel Inst. (Lond Vol. 121, 1930, | 
h are in equilibrium with ‘Note that the logaritl c 9 10 ef : c 
° eng eer youle rite i | 7.0 i ' ' t« } ; " " ; 
bon in the steel at vari- peer — ms ro : , 7% : 
2.01 rhe average expe ntal values i l i " Dy ‘ i} } 
straight line lation log. .K S.4 
a) 
Carbon in Steel, Y 
NS oF fa) IP IN - 
_ UW Cj 02 O04 O6 10 18 i700° F. is in equilibrium (theoret 
Limit of Solid 5 ically with a considerably higher car 
Solubility, . bon content than is allowed by the 
Garbdbon in — : 
<Austenite 2C solubility limit of earbon in tron 
| at that temperature 1.20 carbon, 
ae 
*) » 
= noted as point B on Fig. 3), so thal 
a Slight excess of carbon will then be 
Ja) 
Vv deposited as sool 
S « 
g % Qn the other hand, to prevent 
Qn = = 
6 > decarburization at 1700° F. of a steel 
~ 
42 having 1.00 carbon in the outer 
av layers, the atmosphere must be main 
~~ e 
>) tained at 97.8 CQO, assuming it to 
~ contain nothing but CO and CO If 
es the proportionate amount of CO 
=) increases and CO decreases, the steel 
er would be decarburized. It is because 
Q 08 of such actions that the CO content in 
0 +Fe = Cin Fe) +CO> gas carburization should be kept as 
IN high as possible. Thus, small change 
Ne) 
4 = <a aa N4 in CO or CO. can cause large changes 
(Nee) (Deo) , in th irbon ntent of th is It 
4 4 Se Cc ‘) CoO ¢ i) e Ci eC. 
‘7 > 
Atmospnere Pressure TT senicagery ; fi caaaeilbat 
Js \ is because oO us that pack carburiz 
+ j me O02 
| Fig. 3 Curves Showing Contents of CO 
~ and CO, in Equilibrium With the 
rs - . 
- 004.006 OI 02 OF 06 QO! ON Carbon in Steel at Various Temperatures 
Mol Fraction Ratio (Ne) 
(Nge) 
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Carbon, Yo 
Q10 02 O4 O06 1O 15 





Pressure of 1 Atm. K=0.88x10-3 ciated from Fig. 3. More CO is 


| | equilibrium with a certain carb 

--f? “ co “QT x 19> -3 
08 . - a steel as the temperature rises 

shown in the following table 


c 


‘ O&b “ K= 053 xID-3 


Gas Composition in Equilibrium Wi) 
1.00% Carbon Stee! 
( 
Suu 
9 S50 
1652 OOO 


Lumet Of . 1742 gov 
5 th 1832 1000 
Olu Dis it. 
O02 2) 2oSUre Of O4 Atm , 4 ‘ 4 1 at 950% 
K=0355x10-3 | | a The curves shown in Fig. 3 
72 L i a total pressure of one atmosp! 
7 ad ‘7? : . : 
0010 fi, Ge pat me =, ae OR | j which the partial pressures of C 
| K=Q176 10-3 en Seco | | 
0.008 ] are alone considered. The usu 
OO06 6 complicated by the presence of 
2CO te = CGyinfe) + C02 ny % hydrogen, which means that wi 


0004 ; (NeW Pcop2) _ pressure ol the CO, CO., N,, 
(Nee Pco)” t | atmosphere, the combined press 
0002 For Equilibrium at 950%: (1742 F) ahd 02 CO and CO, is only a fraction of tl 
ever, curves as shown in Fig 
be plotted for any partial pi 
000) plus CO.,. 
0001 OOO2 0004 .OOSb OIO OO2 004 O68 UY} The effect ol pressure ata § 
: ; Ne ; temperature (950° C.) is demo 
hig. 4 Curves Showing Effect NrFe of Inert Gas in the Car- ; 








ae : : This figure has five inclined | 
burizing Mixture (That Is, of Partial Pressure of CO+-CO. Gases 
that the total pressure of CO 


ctS 


decreases from 1.0 atmospher 
ms is more foolproot in the sense that tt requires phere the greater is the amount of CO 
no adjustment of gas composition. keep a steel of a given compositior 


To take the example above, the amount of CO burizing. This follows from the relat 


in equilibrium with CO, in contact with the car- | 


bonaceous material in the box is 98.2 CO and iN 


1.8 CQO, at 925° ¢ 1700° EF, These values are 
Which is derived from equation (95) by 


through by P and by the proper sul 
P Peo Poo 


For example, if a steel is heated 


not shown on Fig. 3 but may be estimated from the 


equilibrium constant given in Fig. 2 by the equa 
: X : 
tion K x Where X is the partial pressure of 


CO. A rough estimate of the CO and CQO, content in an atmosphere which has a compos 
is possible from the data in Table I.) These gases CO and 0.1 CO. and balance ot 
are rich enough in CO to react with the iron the low carbon steel can still be carbu 
imbedded in the carburizing material to form the case the partial pressure of CO is 0.20 
system and of CO, 0.001; the total pressure 
re 2CO0 2 Ci) CO l 0.201 atmosphere, and the CO ts 
From Fig. 8 one can see that the steel would be witin (0: i 

in equilibrium with such surroundings at 1700° C. 

when the surface layers are saturated with carbon, 

that is, the austenite contains about 1.207 ¢ Table Il] — Effect of Moisture in Carbut 


| 


Point B). At higher temperatures, with corre on the Carbon in Steel at 930° C. (1 





spondingly lower concentration of CO, in equilib- 
rium with the carbon, the saturation limit is C ANALYSIS OF ATM 
reached before the gas can reach the theoretical IN STEEI HO 
equilibrium with the iron. In this way the pack 


carburizing method is foolproof when compared 1.34 0.13 


94 0.26 

to gas carburizing. : 
: : 4 thow 
remperature, of course, has a very important 20) 1.80 








effect on the gas equilibrium as can well be appre- 
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— 7 T | . . . . 
jj} | Potty Formation of the Carburized Layer 
| 
7 ' 
- 7 > + > > > --? + . 
Of course an understanding of the 
Lt = 1 aafieiniioniieieateial +4 J5 reaction of a gas with steel is only about 
half the problem. After carbon has been 
ound + + +—~+ +++ + 
10 deposited from the gas phase it has a 
. one 
ie ae Sees : Ws + 4 g definite behavior in the metal rhe rate 
a a ] 
i , +++ Ie at which this added carbon migrates into 
> -s > + > —{ 
| Lit | the steel is the controlling factor in 
Tener Ts : a | | 2 22 ee g obtaining good cases The type of case 
TT | | ] mae eke T obtained, the thickness, and carbon gradi 
| | 7 ent all will depend on time of cat 
=) . 
a burization and temperature of the work 
; + 2 ~~ 
al, = One way of determining the penetra 
tion of carbon into the steel after it has 
;/ been deposited from the gas phase ts to 
a eae Ee eS See 
mn ES an machine off thin lavers of material from 
TS ae ‘ 
rT 06 the carburized surface inward, analyzing 
} + 6 . 
Littl = Lok 8 Pee - each layer for carbon If, then, a pene 
BSBA | OF tration curve 1s plotted, showing the pel 
centage of carbon in each layer at the 
corresponding depth, the type of case can 
t } ; 02 be studied. Typical penetration curves 
| for carbon-free iron are plotted in Fig, 6 
These curves can be plotted from experi 








iad mental data or can be calculated from a 


0.004 006 .010 002 004 OG O11 GI5 
Ne_ 
Blank Log-Log Sheet NFe HW hereon Vetallurgist 


knowledge of the diffusion coeflicient of 
carbon as will be indicated presently, For 


Lines Showing Conditions of Partial Pressure (Compo- instance, at top right of Fig. 6 penetration 


leomperature Existing in His Own Carburizing Practice curves are drawn for three different cat 


burizing times at 900° (¢ 1650° F.) with 
the very surface being saturated to the limit of 


O05 ‘ro ol Co “ig. } t 1] 
. From point n Pi = solid solubility of carbon in iron, either by pack 


hat 0.5 CO, at 0.2 atmosphere and 990! carburizing or by using a properly controlled gas 
juilibrium with a steel of O0.8° carbon, atmosphere. 
this gas will ecarburize our low carbon steel These curves illustrate the common knowledge 
that amount, that a steep gradient is characteristic of low cat 
Voistur There is one important item which 


the realization of a carburizing atmos- 










that is the presence of moisture. It is 
mportant for the gases to be dry, or il 
dry to adjust the mixture so that the 
» action of the carbon monoxide is 
than the decarburization action of the mois- 

tly how some moisture can 

d carburization practice is 
lable III, borrowed from 16 

G ‘ paper before the American 












1000 °C. 
(1830 °F) 





Society’s Symposium on Fur- 
spheres for Metallurgical 12 
(ras : 40 In pack carburizing x 
ntial to keep the compound ~ 
—_ plion of moisture during 808 
® 
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ther by loose carburizer, 











cover, has caused trouble. 
O04 
ig. 6 Effect of Time on Pene- 
ration of Carbon Into Iron at O bs. i hie — : = ___J 
— lhree Representative Temperatures O O04 O08 Ol OIG 020 


T . a 
Penetration, In 
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burizing temperatures; higher surface carbon con- error functions and a knowledgs 
tents result with more gradual gradients at higher coeflicient so that the effect of tim: 
temperatures, and the gradient is flattened with ture on the carburization curve can | 
longer time. The depth of case is related to the Fortunately the diffusion coefficien 
carbon gradient, and a judicious choice of time gamma iron are well-known fri 
and temperature will govern the correct case. If Mehl’s work published in Transa 
a case is too thin it may spall or crack off (exfolia- American Institute of Mining and 
tion) and if it is too deep the heat treatment, in Engineers in 1940. A few values ar 
addition to added expense, may not retain the so that the curves may be calculated 
desired physical properties in the core. of time and temperature of carburiz 
Diffusion The quantitative treatment of the strated. Actually equation (6) only 
kinetics of carburization is basically dependent approximation as far as the true 
upon the diffusion of carbon. This aspect will now cerned. For an accurate calculation 
be very briefly considered. of the diffusion coeflicient with conce: 
The behavior of carbon can be expressed by be taken into consideration. 
Fick’s law. The solution arrived by van Orstrand 
and Dewey (U. S. Geological Survey, Professional Diffusion Coefficient at Various Temperature. 
Paper No. 95) can be used to calculate carburiza- TEMPERATURE 1) (sQ.c 
tion curves. The solution its: 800° C. 1470° F. 1.1 
900 1650 1.4 


' v . 25 700 9 () 
 - | o , = Ae ‘ e 
2,/Dt 950 1742 y 
1000 1830 4.1 
where C is the composition at point x in 
the concentration of the diffusing substance (car- Wells and Mehl point out that th 
bon, in this case) at the immediate surface, which coefficient appears to be independent of gra 
remains constant at a given temperature and con- low content of alloys that form aust 
stant composition of the gas phase; D is the diffu- tions, and commercial impurities, so that 
sion coefficient (sq.cm. per seec.); ¢ is the time in be assumed that these factors are inop 
sec.; @ Is the Gauss error func- far as the present 
tion; and aw is the penetration sion is conce! 


in em. Time: 5H? example, the ra 
The above equation (6) + ; } fusion of carb 





requires a table of Gauss were identical 
800 (1470 ) having 
. ’ T t | grains per sq.mm 
Fig. 8 {rmco lron Carburized to High \ GOO CMIESO F) grains per sq.mm. 
Surface Carbon and Steep Gradient Was T “A 


. to 1.9 and 
Diffused by Subsequent Soaking 10 Hr. at | 950°C. (1740 °F) up 


nese up to 2.0 


Indicated Temperatures, Thus Deepening ‘1000 11830 ¥) apparent effec! 


the Case and Lowering the Surface Carbon. 


2500 


diffusion coeflic 








Bramley and Lord, Carnegie Scholarship 


Vieemoirs, British lron & Steel Institute, 1929 O04 008 Ql2 OI 
Penetration, /n. 


Fig. 7 — Effect of Temperature on 





compared to 


In the presel 





bide-forming 


12 such as Ti, \ 


Penetration of Carbon Into Tron 


Initial Carbon Gradient Formed Cr, the situati 
iN 10 Hp at O00 C1830 °F) ent and comp! 


The limiting carbon contents C,, at various temperatut 


} } 
~ Soaked 10 Hr at 800°C. (1470 °F) 


calculating penetration curves, may be taken from the A 
iron-carbon equilibrium diagram, Metal Progress, Octobe: 
— 900 CC. (1650 ) | G06 
plotted in Fig. 6, one may assume it as the penetration of t! 
950°C. (1740 °F) an arbitrary concentration say 0.20 C. In actual practi 


of case is where the carbon gradient reaches the carbon ¢ 


In order to compare the depth of the case in each of tl 


O00 °C. (1830 F) , : é ‘ 
steel being carburized. For the discussion below, it has be« 
that the steel being carburized has an initial carbon cont 
quite usual for carburizing steels. 

Of course, the depth of the case is increased by extend 


burizing time, but it must be emphasized that doubling the | 
double the penetration, Actually to double the penetral) 
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st carburize 9 hr. 
rhe effect of temperature is demonstrated in 
7 in which the case after 5 hr. at 800, 900, 
is plotted. It 
s curve that the depth is increased considerably 


ind 1000° C. is evident from 


temperature, as would be expected. 
thermore, it should be noted that 


irbon in the outer layers is higher with increas- 


highe 
the amount 


temperature, due to the increased solubility of 
bon in saturated austenite. 
Surface Carbon Control of surface carbon is 
great importance at the present time in ordnance 
While it would seem possible to control 
meentration by establishing correct equi- 
um between the steel and gas composition, 
snot practical either because plant control is 
wecurate enough or because this would involve 
ger time eyeles to reach substantial equilibrium. 
most successful method is by carburizing to 
higher amount and then diffusing the carbon 
neutral atmosphere (or with a protected mate- 
is by copper plating). 
Bramley and Lord have carried out work to 
arbon can be redistributed in the mate- 
See Fig. 8. 


by further heating. In this work 


‘sample of Armeo iron was carburized 10 hr. at 
( I830° F.) in a CO atmosphere saturated 
e. This material was then reheated to 
us temperatures for a period of 10 hr. in a 


stant CO atmosphere. Similar results were 


ed by reheating the carburized bar in a dry 
sen atmosphere. By reheating the specimens 
lion of carbon occurs; the gradient is 
ind the actual penetration is greater. 
i>\ Stribing the carbon in this manner an 
1.20% C, 


carbides 


: containing over which on 


might contain excess and 




















bon. In Fig. 9 we see what moisture can do to a 


case. The example cited is for a flow of 0.5 cu.ft. 


per hr. of CO (a flow too low to cause saturation 
in the outer layers) and illustrates how the sur- 
face carbon can be reduced by moisture. 

Flow of Gas 


considered in gas carburizing is the rate of flow. 


Another factor which must be 


Assuming that the gas is of sufficient carburizing 
power, it may be that it is not brought to the sur- 
face in sufficient quantity to saturate it. In this 
instance a poor case will result. To illustrate this 
10 has been drawn from 
the 
of flow are too low, insufficient carbon is deposited 
the other the 


flow becomes too rapid if will deposit soot, which 


effect of rate of flow Fig. 
the data of Bramley and Jinkings. If rates 


in the metal surface. If, on hand, 
may prevent carburization by excluding the oxide 
High flows, besides being 
the 
peratures at which a good case will not result. 
Attention should also be called to the fact that 
For 


example, is is bad practice to stack up piles of 


gas from the surface. 


uneconomical, can also cool furnace to tem- 


proper position of the work is essential. 


gears, since poor contact between the atmosphere 
and the work prevents a uniform case. Circulation 
of the gas is of course necessary for good work. 
Such precautions apply as well to pack carburiz- 
ing where an effort should be made to separate 
parts with at least a litthe compound. 

It need not be emphasized that uniform tem- 
perature is of paramount importance in both the 
gas reaction and the formation of the case. Uni- 
formity to within 10° F. of the operating tem- 
perature is desirable; poor temperature distribution 
can cause heterogeneous carburization of the sur- 
face, in turn leading to large hardness variations 


and poor response to heat treatment rs ] 
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950 °C. (1740 °F} for 
— CIAO) for |. : le ates 6 
20 Hn Fig. 9— 2° Water Vapor in Slou 
‘ Stream of CO Practically Halves the rm r 
‘\ , : aes 1 Gu. Ft CO per Hr 
~ Carburization. Bramley and Jin- & 08 : 
N kings, CarnegieScholarship Memoirs, c Q7S 
va) % se ~~ 
NN CO with 2% British Iron & Steel Institute, 1926 8 Q50 
_ “ He0__} re aa 
] Q25 
, % O4 
—— S 
Q08 Qi 
etration, I. Fig. 10— Effect of Rate of Flow in O 
Bringing Fresh Gas'to Reacting Sur- 0 O04 008 Ql? 
cece face and so Improving Carburization Penetration, in 
st be lrupled. This ts evident 
t] ves for 950° C. One can 
penetration to the arbitrarily chosen retained austenite, can have its carbon reduced to 
f 0.2¢ C is as follows: 1 hr., 0.022 in.; around 0.60 C by reheating at 950° C., after 
0044 in.: and 16 hr., 0.088 in. which the response to heat treatment for certain 
his exponential relation follows from equa- applications is much better. 
ms 6) showing that the penetration is propor- In the discussion of the gas reactions, it was 
to the square root of the time, a consequence pointed out that moisture can be extremely detri- 
t] Dé factor. Therefore, if a penetration of mental to a good case. In one extreme, excessive 
in. is reached in 1 hr. (ft 1), then twice the moisture can even prevent carburization and lead 
rati (044 in.) is reached in 4 times the to decarburization, but usually moisture causes a 
time or 4 hr. To treble the thickness we poor case in the sense that the case is low in car- 





War Products Consultation: 


Substitute Steels 


Nene nerrrreereeerereeeeeee erence Nn 


The Problem 
Posed by a Canadian Manufacturer 
Wi 
we think it is quite a problem. 
We ure 
high 
0.900 


fact, 


Let us explain: 


HAVE A PROBLEM on our hands in 
making ordnance materials under rathet 
the 


chrome-vanadium 


priority and inspectors Insist upon a 


carbon steel for one ol 


the parts. In fact, they are so insistent that we 
when we 
the 


conclusion 


give it to them can get it. 
However, by elimination we 
the that 


dium steel for this part is practically non-existent, 


process ol 


have come to chrome-vana- 


forced to seek a substitute 
Our information is that NE steels 8744 or 8749 
are suitable for S.A.E. 6150, but this 


unsupported opinion is not good enough for the 


Consequently, we are 
substitutes 


inspecting officers and we are looking for data that 


will prove oul pornt 


The Proposed Solution 


UNDOUBTEDLY the representatives of the armed 
difficult to that 
anything quite so good as S.A.E. 6150. 


services will be convince there is 
However. 
it will probably be necessary that some substitu- 
tion be made. 

\ logical line of approach would be through 
the end-quench hardenability curves. Curves for 
S.A.E. 6150 NES8744 S749 are 
lower left on the opposite page, and the curves for 
the straddle the old The 
for 6150 also divides. roughly, the space between 
NEY450 9440 on the 


What this means is that the same part quenched 


and and shown al 


new steels one, curve 


and another ot diagrams. 


in the same manner from the proper temperature 


will have within narrow limits the same sur- 


same hardness at all points 
below the surface whether it is made of S.A.E 
6150, NE S744, NES&749, or NEO4 bo Since the last 


named has the lowest amount of critical alloying 


face hardness and 


elements, it would be the best substitute. 


The 
tensile 


close proportionality bel 


strength is a metallurg 
the 


“hardness”. Of cou 


abovy c 


place, so in puragt 


“strength” for 
other properties and fabrication cha 
the 
which 

the NE S000 and 9000 
This 
modifications of heat treating 
Substantial 


be regarded, but Satisfactory « 


tractor firm has pro ‘ssed 1 


mill heats of 


accepted as indicative: firm fi 


slight 
been 


necessary. equ 


steels with corresponding S.A.E. st 


in the Jominy or end-quench test 
notched bar impact tests (generally 
( harpy lype), cold bend tests, and pi 


of forging, annealing, machining, h 
the 


Poughness olf 


accompanying evaluations 
NE&739 S744 is 


bat 


and 


comparing notched values at 
.; rarely were the figures lowered 20 
zero temperature, and therefore the t 
notch-tough to notch-brittle is below 
The 
fully substituted NES749 for 


spring steels. One great advantage 


truck and tractor industry 


chr 


vanadium steel is, of course, its fine 


by the vanadium, and its ability to s! 


despite any mistreatment in heat 


substitute for it should be made in 
is definitely fine grained afler norm 
heal 


Likewise, the 


the s 


ment, even after a which mig! 
normal by 90 to 75 
springs is largely a function of 
tion. Deearburization, pitting, or ¢! 
will ruin the life of 
the lack of 


Finally, a 


a spring tar mor 
vanadium. 
recommendation 
machinability and workability of NI 
fact that it 
operating rod handles in the Garand 


has been substituted | 


save in this one application 12,000 Ib 


and 4000 Ib. of vanadium in the 14: 
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End-Quench Hardenability Curves of NE Steels 


Comparable S.A.k. Steels in Red; All Steels Fine Grained 


. perintre relationship between hard- 
| tensile properties certainly for 
uivalent grain size in the commonly 
ss range C-20 to C-45. Hardenability 
h register the of 


below the quenched surface, are there- 


variation hardness 


steel If similar, il 
physical properties of a 
be 
indistinguishable from the same part made from 


the old both 
and proper heat treatment 


well-known ure 
that the 


made from a 


older, they 


follows major 


new steel will practically 


part 


SIZ 


lech 


steel, when have similar grain 


Data courtesy 
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Benjamin Franklin Shepherd 
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An Eminent Living Metallurets! 








ean the past presidents of the © 
and consider whether some Amer- 
y of recognition for an outstanding 
t which has stimulated other organ- 
ong similar lines to such an extent 
m d basic advance has been made in 
| knowledge” — in the words of the 
dal award. As one of this group 
ring the 23rd National Metal Con- 
“9 xposition last October in Philadel- 
Shepherd was party to this discussion. 
meeting broke up, apparently without a 
tion being made, as there is no obligation 
mi recipient for any given vear. How- 
while he was absent from the proceedings 
1 few moments, the group had already 
ted him unanimously! 
His achievement had been his pioneering 
k on the hardenability of high carbon tool- 








It gave an accurate measure of that 
lity that had been recognized for genera- 
s, but only vaguely described as “body” or 
rsonalitv”. Shepherd’s first publication on 
s subject was in Metal Progress for February, 
|, and it was entitled “Steel Personality”, 

just been presented to the @ Western 


tal Congress. In it he described how various 


steels, indistinguishable by chemical analysis 
microstructure, could be differentiated by 
penetration of the hardness into stepped 
sks, properly heated and quenched. This 
etration-fracture” test (the “P-F test”) was 
rsupplemented by a series of fracture stand- 
s-samples of hardened toolsteel bars with 
sizes graded from fine to coarse in ten 

il ste ps 
lhe test and the fracture standards have 
e hecome widely adopted. To fill the 
ind for the apparatus, he organized the 
st Co., Inc., of Phillipsburg, N. J. This 
described as “materials engineers”, in 
» making thermocouples and thermo- 
re, has produced 150 of these fine 
sion standards which are sold at cost. They 
is important to the user of high carbon 


. he foot rule is to the carpenter. 
ne 
“ o SG 


MIN FRANKLIN SHEPHERD has much in 

life that is reminiscent of the Colonial 
was named after. He was born in 

rg. N. J. in 1893. In 1911, after grad- 

m the local high school, he went to 

” ¢ Ingersoll-Rand plant as mail clerk. 


antel first vear, he was promoted to the 


physical laboratory. In his own words, “the 
laboratory staff comprised a man and a boy. 
I was the boy.” He machined test bars and 
generally made himself so handy that when the 
man left for another job, the boy was promoted 
and ran the testing machine. 

From that point, Shepherd rapidly devel- 
oped a scientific bent. He introduced laboratory 
and plant work in pyrometry, metallography, in 
fact all the metal sciences, excepting chemistry, 
which was maintained as a separate depart- 
ment. For a boy without any scientific back- 
ground, Shepherd mastered his work rapidly. 
He attributes his success largely to the many 
scientific organizations which he joined, getting 
evervthing out of the material, assistance and 
personal contacts these societies provided 

In 1919 he joined the newly organized 
American Steel Treaters’ Society, and in 1920 
when the American Society for Steel Treating 
took over became active in the Lehigh Valley 
Chapter, of which he was secretary-treasurer in 
1923-21 and chairman in 1925-26. The national 
affairs of the Society also claimed his attention 
and he served as member of the Meetings and 
Papers Committee and the Publication Com 
mittee from 1924 to 1929. Shepherd was trus 
tee during the critical depression vears from 
1931 to 1936, and during 1935 was national 
president of the Society, now called American 
Society for Metals. 


neering socicties to which he belongs include 


Other international engi- 


the American Society for Testing Materials, [ron 
and Steel Institute of Great Britain, Institute of 
Metals of Great Britain, American Institute of 
Mining and Metallurgical Engineers, and the 
Society of Automotive Engineers. At one time, 
Shepherd was a vice-president of the Lehigh 
Vallev Engineers’ Society. 

Through these organizations he gained a 
wide acquaintance with leaders in the metal 
profession. He read the technical papers, 
entered into the discussions and, using his 
inquiring turn of mind, began some original 
researches in the unsolved problems of science 
Now head of the Ingersoll-Rand 


combined laboratory setup, Ben Shepherd had 


of metals. 


all his company’s laboratory facilities at his 
disposal. He wrote several papers on the cat 
burizing of steel, a subject most important to 
his firm. Since the utility of both carburized 
parts and of shallow-hardening high carbon 
toolsteel rests on the same characteristic (hard 
surface and a strong tough core), Shepherd then 


turned to a study of hardenability. There was 
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no way to predict how deep a particular steel 
would harden, as there wasn’t any equipment 
in the market to determine such characteristics. 
Hence the development of the penetration- 
fracture test (P-F test) and the set of fracture 
standards for which our Past-President is now 
honored, 

Despite the exacting nature of his work as 
chief metallurgist of a great manufacturing 
organization, Shepherd has found time to travel 
rather extensively. On one trip to the Continent 
he visited every plant making hollow drill steel, 
excepting one in Norway. His travels took him 
to Sweden, to the Krupp Works in Germany, to 
Prague, Paris, Brussels, Liege, Vienna, Sheftield 
and Bristol. Almost jailed for taking pictures 
of an airport at Prague, lost for hours in Liege, 
Ben still had time to inspect plants and consult 
with Ingersoll-Rand executives on the Continent. 

One trip into the field particularly impressed 
him with the hardship and problems experi- 
enced by workers using Ingersoll-Rand rock 
drilling machinery. He took a plane to a small 
town in the Mexican province of Durango. 
When it came time to leave, he traveled by 
mule, narrow-gage railroad, and automobile for 


three days to reach 


‘civilization’. He made 
65 miles in 101% hr. by truck, 136 the second day 
by narrow-gage train, and 150 the third day to 
reach the main line. 

Through all these years, Shepherd has given 
more to his technical associates than he has 
received. He has traded his practical knowl- 
edge with the professors and doctors of science 
for a modicum of their theory. With the excep- 
tion of two weeks shortly after the World War 
at Columbia University where he attended a 
special course given by William Campbell for 
him and two other Ingersoll-Rand men he 
has never had any formal study in the sciences. 
He is still giving his services wherever needed. 
Recently he was appointed a member of the 
Technical Advisory Committee on Toolsteel on 
the National Emergency Steel project of the 
War Production Board. 

At the hamlet of Harmony, a little north of 
Phillipsburg, where he lives and manages his 
Old Mill Farm overlooking the peaceful Dela- 
ware, he has time to spare to help Mrs. Shepherd 
raise three young potential scientists. Ben 
doesn’t really lose much money at farming his 
180 acres, and has hopes of breaking even 
under a strict accounting procedure that Uncle 
Sam has asked him to use this coming season. 
THeopore A. SeRRILI 
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Brittleness 


in High Chromium frons: 





ea DirricULTIES in the productio 
mium irons of good mechanic 
are associated mainly with the abs 
formation, with resulting tendency 
size, and with the embrittlement wl 
the range of temperature 750 to 900° | 
temperatures the alloys underg 
changes, not microscopically disc¢ 
result in extreme loss of ductility 
perature. Fortunately, by rapid co 
nomenon is practically avoided and 
fortunate that heating to a tempers 
above the range completely restores (| 
to the more ductile state. 
This phenomenon is not observe 
mium-iron alloys containing less tha 
of chromium, although brittleness 
nature may be developed at lower ch 
tents. This “875° brittleness” depe 
chemical composition, as follows 
Chromium Content In a series 
taining 14.5 to 28.7 


effect extended over the range 750 t 


of chromium th 


maximum embrittlement occurring 
increasing the time of exposure to the 
alloys of progressively lower chrom 
began to be affected. In the one with 2 
mium, complete embrittlement occurred 
at 750° F., 100 hr. at 875 and 500 hi 
At 1000° F. no embrittlement was 
after 1000 hr. 

After 1000 hr. at 875° no emb 
occurred in steels with under about | 
mium, considerable embrittlement | 
irons with 15.5 to 18%, and pronounce: 
ment in those with 19 and ovel 
impact test pieces a tendency to e! 
was shown by a_ steel containing 
chromium but none in one contaming 

The presence of titanium, colu 
carbon has little influence on the res 
of manganese has the effect of rats! 
mium content at which brittleness firs 
about 2° The time required to pr 
tlement in alloys of given chromiu 
lessened by the presence (Continued 


*Abstracted from The Metallurgis 
to The Engineer), Dec. 26, 1941, page 4 





—— loss DI fron of heat treated projectiles involves many 
bloms. vot least of which is the transportation of large 
snages of steel through heat treating furnaces. One suc- 


on of this problem is described in this article 


ssful Sé 


RE mm 


Automatic Units for Heat Treating 


High Explosive Shells 





Eanty in the production of high explosive 

@ shells for World War IL it became evident 
servation of the manganese, specified in 
dard shell steels for depth hardness and 
nabilitv, would become a necessity. The 

for increased shell strength was another 
ement that had to be met by munitions 

rs. Previous to this time the necessary 


strength was obtained by air cooling or 


ilizing the shell forgings. However, with 
manganese reduced and higher strength 


red, proper heat treating to meet the new 
became the obvious answer to the 
\s pointed out in the discussion at 
Vhiladelphia Convention @ (Wetal Progress 
November, 1941) the X-1340 steels which are 
stactory in the air cooled condition for 


m caliber shells have been replaced with 


ted steels containing about two-thirds 
inganese. This change in practice has also 
bled the specification for strength and due- 
lo be improved. 
ome months ago we were given the task 
a battery of furnaces for shell pro- 
nd after careful consideration of the 
llurgical, mechanical and economical 
rs iIved, it was decided that the pusher 
rnace for the hardening operation 
ed with an automatic interior and 
ench, followed by a continuous con- 
r recirculating draw furnace, would 
quirements. The operation of these 


een eminently successful. 


The Pusher Table 


The heat treat is completely automatic from 
the time the forged and rough machined shells 
are loaded at the charging end of the unit until 
they are discharged from the cooling chamber. 

In those installations where the foundation 
of the unit can be depressed so the pusher table 
s at working height above floor level, the shells 
are placed directly into the tubes manually 
(See Fig. 1.) 


unit is much further above floor level, a special 


In other units, where the pusher 


automatic loading conveyor is used; in this lat 
ter type the shells are placed on the conveyor 
at floor level, conveyed upward, and then auto 
matically discharged into the tubes in the propel 
lime evele. 

The pusher table shown in Fig. 1 is quite 
simple, consisting of parallel extensions of the 
furnace tubes. Tops of these tubes are cut off 
SO the shells being charged can be placed ahead 
of the pusher lug at the beginning of its stroke 
During the stroke, the fresh shells are pushed 


into the hardening furnace tubes, and shove the 





in — 
na lohn Y alli i 
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entire line ahead of them. Then. as the pusher 


returns to a starting position, new shells are 


loaded for another cycle. A standard hydraulic 
evlinder, either air or oil operated, and con- 


trolled by solenoid valves, is used for power. 


The Hardening Furnace 


In the hardening furnace proper the con- 
veying tubes are designed to maintain proper 
alignment of the train of shells and to insure 
uniform heating. Each size of shell requires its 
tube. 


sections, the leading end anchored and the other 


own size of These tubes are made in 


end with a slip joint that allows for expansion 
and prevents the shells from catching. They 
are slotted top, sides and bottom with ample 
perforations to provide circulation of the fur- 


hace gases and vet retain adequate metal 


strength to carry the load. Individual rollers 
support each section of the tube. Shell tubes, 
rollers and supporting shoes are all of 12-27 


chromium-nickel heat resisting alloy. 

In most cases the nose opening of the shell 
is small enough to prevent slipping over the 
lug of the shell just ahead of it. However, in 
those shell designs where the two are likely to 
lock together, a small breaker bar is welded into 
the top of the discharge chute, automatically 
separating the shells just before they drop into 
the quenching fixture. 


The hardening furnace may be fired with 
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Charging Furnace. 

























Rough Machined Shells | 
Note that the six tuly 


Loading 


either gas or oil fuel. In etther case thy 
are placed along the sides of the fu 
firing the heating zone along the arch of 
nace, the gases passing down the opposit 
and out thr 


Since the tubes 


underneath the tubes 


placed at floor level. 


vated on piers above the floor this 


circulation of the heating gases, com! 


the radiant effects of the hot arch and 


walls. assures a uniform, thorough and 


heating of the tubes. The high dl 
itv and diffusing action of the tubes as 
take on this heat further assure 
form heating of the shells, as is ss 


for proper metallurgical results 








“ 





vali 


bustion equipment is engineered 
In the case of gas, standard 


With oil 


zing oil burners are the rule. 


used, 
ty surners are used, fuels, 


ace is divided into three zones. 


iting zone, comprising about 10 to 


heating capacity, is manually con- 


of | 

led. 1 middle zone, for bringing the shell 
) temperature and comprising 40 to 50° of 
heat capacity, is controlled with indicat- 
and itrolling pyrometers operating the 
e motors and proportioning valves. The 
al heating or soaking zone is controlled by 
ording and controlling pyrometers similarly 
erated 


With this arrangement the temperature rise 


he shell with time can be closely controlled. 


s 


cs io ive 





sually desirable to subject the cold steel 


itial heat in order to avoid thermal 


slow 
k. In the second zone the heat is brought 
quenching temperature, and in the final 


the shells are uniformly soaked. 


) 
| ‘ 


is heavily constructed, having 


( Irnace 

firebrick lining, backed with 445 in. of 
sulating brick. The furnace shell ts 
welded plate, reinforced with steel 


ral shapes and cast iron fronts. The cast 


door at the far or discharge end is lined 


sulating refractories, and counterbal- 
d for manual operation to provide for 
ction. Air for combustion is supplied at 


pressure by turbo-blowers. 
\s | 


igh machined 


eh explosive shells are all heat treated 


condition, surface protec- 


saminor problem. It is, however, desir- 
lo hold sealing and decarburization to a 

im. The atmosphere is accordingly con- 
adjusting the gas-air proportioning 
atmos- 


the desired “reducing” 
d normally the atmosphere is main- 
d slightly on the reducing side, to hold 
nintmum. As the shells are exposed 
tures at which decarburization can 
for only a relatively short time, very 


(| burization occurs. 


The Quench Tank 


wn in the drawing, Fig. 2, shells are 
d by alloy tubular chutes through 
floor directly into individual quench 
skets. The discharge tubes are water 
tween furnace bottom and oil level, 
nts heat from traveling down. the 


initing the oil. 
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Since quenching the shells is a fundamental 


step that must be quick and proper, the cages 


are designed with internal jet tubes through 
which oil, at the proper temperature, is con- 
stantly pumped at a pressure of approximately 
30 to 35 psi. This gives a thorough, internal 
flush. Just previous to this, oil at the same 
temperature and pressure enters in jets around 
the circumference of the discharge tube, just 
below the water jacketed section, giving the 


shells an external spray as they pass from fur 
nace to the quenching basket. 


After this initial external and internal flush 


quenching, the cages rotate 180° and the six 
shells drop out onto six parallel pusher con- 


vevors which send each one through the tank, 
discharging on the draw 
Shells the 


quench tank butt first, allowing the oil to drain. 


up and out, finally 


furnace’s conveyor. come out of 
The turnover mechanism in the quench tank is 
operated hydraulically by an oil evlinder, chain 


and sprocket. It is synchronized with the con 


hig. 3 lank Oil 


Occupying Positions in 


Quench Drained of 


vator-Convevor. 








H ith 


Quenching Cages and in kle- 


Vote turnover mechanism at left of tank 




























the shells 


lavout 


vevor to provide proper spacing of 
the flights, The 


clearly shown in Fig. 3, photographed when the 


in clevator entire Is 
tank was drained of oil, and with shells occupy- 
ing all positions in quenching baskets and con- 
veyvor flights. 

Phe quench tank conveyor is driven by a 
standard motor, operating through a speed 
reducer and variable speed pulley. Operation 
of the pusher on the hardening furnace, which 
feeds the shells to the unit, is synchronized with 
the turnover mechanism and quench tank con- 
vevor so that the entire eycle is controlled by 
the variable speed drive on this quench tank 
COnVeVOr, 

Phe 


capacily 


of and its 


with 


the quenching tank 
the 


shells being heat treated, but about one gallon 


size 


vary size and number ol 


Blower 








































































chute to a conveyor belt and ar 


into the recirculating air draw { 


The Air Draw Furna: 


The heating cycle of the d 


shown in Fig. 4 can be controlled 


of the hardening and quenching « 
conveyor belt is driven by a sé 


through a speed reducer and \ 


pulley. This belt is 1-in. mesh, may 

high carbon steel wire, with reinf 
-in. diameter of S.A.E. 5140 ste: 

centers. (See Fig. 5.) Five to ni) 


wear shoes carry the main belt loa: 
ing rails through its length 
Two fan systems, each with ind 


bustion chamber, provide better tha 


Bu Er 
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lig. 4 


Cross Section 


of tank capacity is allowed per pound of steel 
being quenched per hour, , Six changes of oil 
per hour are usually allowed to assure uniform 
temperature. 

Correct oil temperature is maintained by a 
separate cooling unit which receives the hot oil 
from the quench tank, cools it to a predeter- 
mined temperature, and recirculates it back to 
the quench tank, where it enters at the jets for 
the shell. 


The tank itself is built of heavy welded steel 


internal and external quenching of 


plate with structural steel reinforcement and 
with a structural steel conveyor frame, placed 
in a pit so its top is at floor level. 

Discharging from the quench tank elevating 


conveyor, the shells slide down the discharge 


{long Centerline of Air 


Draw Furnace 


of the hot air every minute. Fan itmpetiers 
housings are constructed of heat rests! 

impellers are mounted on = specia 
shafts and bearings, and powered }b) 


motors with V-belt drives. 


Hot air enters the furnaces ! 
spaced along the top of the furna 
then circulates downward and retu! 


fans through ducts in the bottom of 
leading to side manifolds or uptakes 
of the circulating air is maintained ! 
placed directly beneath the inlets, 
return ducts. 

matt 


Correct temperature Is 
the 


gases 


combustio! 
of 


heat added from 


which discharge hot coml 
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iting system at the fan discharge. 
vas fuel is used with open tvpe gas 
double atomizing oil burners. Air 
it one pound pressure by turbo- 
yrovide proper pressure in the com- 
unber. An equivalent amount of 
sphere blows out of the system 


{t and rear openings and a roof vent 


mt door. 
S equipment consists of standard air 
. es and fuel safety shut-off valves, 
if] iards for gas operation. Pilot burn- 


ark ingition are synchronized with 

sat equipment so that lighting up is 
vd by merely pressing the control 

the draw furnace proper has a stand- 

duty, welded plate shell reinforced 
structural steel shapes, lined with 4!.5-in. 
or maximum resistance to air leakage, 

ked with 2's in. of 1600° brick, and 1 in, of 


S ! blocks. 


= * 


vevor belt, shown in Fig. 5, similar in construc 
lion, drive and operation to the draw furnace 
belt. This CONVeVORr IS surrounds dl with a water 
jacket for most of its length, and there is a large 
fan at the entrance end to draw cold air from 
the discharge end through the chamber. The 
water jacket is made in sections to minimize 
the effect of expansion and contraction. A short 
section of controllable water sprays, appronti 
mately four to six feet, completes the cooling 

On discharging from the cooling chamber 
the shells are checked for hardness and are 
ready for final machining 

A considerable amount of work has been 
done to determine the proper heat treating tem 
peratures and eveles for the different shells, as 
they vary nol only in size (diameter) and shape 
(purpose), but also as to incidental variations 
in steel analysis and forging heats. Since the 


wall thickness in each size differs, due allow 


ance has to be made in the time-temperature 
evcle required for hardening and drawing. This 
TT The Cooling Chamber is best determined by preliminary tests on the 
different lots of steel. Typical results as com 
\fter the shells have passed through the pared with the required Government specifica 
a vy evele, they are passed along into the tions are as follows: 
I hamber, in order to bring them down 
. - ~~ . rest No.l) Tresr No. 2 SPECIFIED 
. ‘ ta Ete 2 ‘ ‘ 
viv to a temperature (150 to 175° F.) al 
=| : | , Elongation 26.0 26.0 lo man 
ch they can be handled without delay or a odiention of avon BB t 54.7 = Oc, min 
ih Handling is done by a heavy con- Yield strength 70,500 psi. 72.750 psi. 65,000 psi. min 
hig. 5 Cooling Tables on a Battery of Seven Shell Treating l nits 
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Proper Microstructure 


The importance of temperature and time in 
the hardening furnace when heat treating high 
explosive shells is apparent from various metal- 
lurgical studies. Temperature must be suffi- 
ciently high and the time sufliciently long to 
insure complete solution of the carbides and to 
Under the 


present war pressure some shell forgings are 


recrystallize the austenitic grain. 


being produced at a rather high forging heat. 
The result is a very coarse grain structure. To 
obtain the proper results on such forgings 
requires a higher hardening temperature than 
ordinarily considered hecessary. 

The photomicrograph at the left of Fig. 6 
shows typical grain structure of the shell forg- 
ings. The center micro shows shells improperly 
heat treated, and hardened from just below the 
upper critical point. The lack of complete solu- 
tion of the original ferrite network is clearly 
evident. The photomicrograph at the right is 
a properly heat treated shell, with hardening 
temperature well above the upper critical point 
Actually there was a difference of only 30° F 
between the hardening temperature of the two, 
Which shows the importance and critical nature 
of the correct hardening temperature. 

Experience has very definitely indicated 
that the automatic four-cvele installation 
(harden, quench, draw, and cool) completely 
refines the grain structure of these shells, when 
due allowance is made in time and temperature 
for the microstructure, grain size and composi- 


tion of the original forgings. So 


hig. 6 Photomicrographs of High Explosive 
Shells. Left. forging finished at a rather high heat. 
Center, quenched from too low a temperature. Right. 


properly heat treated. All samples polished, etched 
with nital, and photographed at 100 diameters 





Reclaiming Values Prom 


Bullet-Jacket Scrap 





Rr Report No. 1 from the War MV 
mittee of the National Acader 
on the reclamation of copper, zin 
scrap bullet jackets has been releas: 
tion. It will be recalled that this « 
organized to supervise research on 
ing in the War Production Board 
with the more efficient use of st 
The necessity of the work arose ft 
of the Ordnance Department to uss 
bullet jackets rather than a jacket of 
metal” (90 


used, being four-fifths steel and 


copper, 10°, zine Phe 
will save 80° of the required non 
Serap from rolling mill operatios 
webbing, and cup forming will an 
20,000 tons monthly by mid-1943 
its reclamation is briefed below 

At the request of representative 
Production Board, several industrial « 
considered recovery methods on the 
scrap, and a variety of processes wl 
promise have been tried. None of th 
esses Which were considered have bes 
past an experimental stage, and n 
showed any worthwhile advantages 01 
ammonium carbonate leaching meth 

There are three known compan 
had experience with the leaching of gi 
the cupric ammonium carbonate met! 
met & Hecla Consolidated Copper ¢ 
Linden, Mich., American Metal (Con! 
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Bits 


Pieces 


NE 


is 


What is *“*Decarb”’? 


it we have on record in this and the 
ssue of this journal no less than five 


variation) for 


plus one 


the same 


wrath a ; 
measuring 


doubt 


arises 


about 


the 


rburization”. What does this mean? 
sk. “What should 


port mentioning 


it mean?” 
“total 
METALLURGICUS 


Recently 
decarb” and 


irburized”™ ! 


Carburizing Test on NE 8620 and 8817 


sa 


oa recent meeting to tell engineers 


Francisco region about the national 


nev steels, two samples of the new steels 


iS done by 


rnished by the Republic Steel Corp. 
thoratory) were carburized and com- 
th pieces of more familiar steels. This 
R. R. Core of the Metallur- 


boratory of Hall-Scott Motor Car Co. in 


Report and tabulation is below: 
'.-in. long specimens were normalized 
F.. ground to 0.600 in. diameter, car- 
| 1680° F.. quenched in oil from the pot, 
o the temperature shown in the table 
then 


quenched in oil. 


300° F. 


They were 


hr. at Determinations were 


i heat treated specimens for out-of- 


of a 4!4-in. span; maximum deflection was read 


when the case snapped. (Grornce A, Newson, 


Metallurgist, Shell Chemical Co.) 


Removing Scale and Stain from Brass 


FERRIC SI LPHATE does an execs plionally good 
black 


bt iss. 


job in removing smut and red cuprous 


oxide scale from The advantage is the 
the 


this method, 


speedier removal of stains and scale, and 


greater conservation of metal. By 
for instance, the fine engraved design on brass 
buttons is preserved as well as metal itself. 


Ferric sulphate is used for the same pur- 


pose in the manufacture of brass cartridge 
cases. Since this consists of a series of draw- 


ing and annealing operations, it is essential that 
all scale and stain be removed before each draw 
or there is a likelihood of fouling the drawing 


dies and scoring the work. (Raven EE. Newson, 


Technical Service. Monsanto Chemical Co.) 


Tool Hardener: Watch That Anneal! 


Wi that the 
toolsteel prior to hardening is usually 
the 
important in determining the microstructure 
the the 


fo demonstrate this point we 


HAVE OBSERVED annealing of 


left to 


hardener’s discretion, although it is most 


and consequently usefulness of com 


pleted tool. cut 








chthness or run-out, hardness and case up a bar of manganese oil hardening toolsteel 
‘he relative ductility of the case was into necessary tensile specimens, and divided 
d by measuring the deflection at the them into four lots. One lot was tested as 
Cl ne specimen was loaded in the middlk 
R CHEMICAL ANALYSIS Paes Has } — 
OUENCH rUN-OlUY 
\ > , DEPTH ro 
\IN S l Ss} Ni Cy Mo Case Corts 
. ly 0.63 O.O14 n.d. n.d. | 3.39 385° FF. 0.039 i C-63 C-41 0.0047 7 
14 n.d. n.d. n.d. n.d. 1.42 Of 1435 TRIAL 63 14 Oo yay 
IS nd. md. ond. ond. 1.82 0.27 1460 0.047 65 2 0.0083 0.072 
2-0 O=<S0 O<£015 O<:.014 O.23 0.438 O<£.52 0.22) 1500 0.042 65.5 mM oOo () 
“9 O34 O<.0O15 O.015 O.29 O48 0.52 0.383 1500 0.042 O5 $3) O.0037 0.062 
——— 
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Effect of Prior Microstructure on Properties of Quenched and Drawn Toolstee! 





N Suu 
PREVIOUS HARDENED, Draw \1 I 


CLONDITION 


ELASTIC STRENGTH POUGHNESS (a) 


230.000 
233,000 
196,000 
203,000 


Sphe roidized 
Air cooled 
Furnace cooled 
Box cooled 





HARDNESS 


HARDENED, DRAWN 


ELASTIC STRENGTH PouGun 


ja 178.200 

200.000 
1S 175.000 
19 184.000 








(a) Determined as “Energy of Rupture” in in.Ib. 
per cu.in. from the formula 
S S ? Elongation 
é 100 
where Sy is the stress in psi. at the yield point, and 
Seor the ultimate strength 


received (spheroidized condition). The other 
lots were annealed at 1450° F., one in a salt bath 
and air cooled, one in cast iron chips and fur- 
nace cooled, one in cast iron chips and box 
cooled in air. Subsequently samples were oil 
quenched from 1150° F., and drawn either at 800 
or 1000° F, for 30 min. Results are shown above. 

If strength is the most important feature 
desired, harden from the air cooled condition. 
For best combination of strength, toughness, 
and resistance to wear in the tool, the spheroid- 
ized condition is the correct structure prior to 
hardening. (Tuomas R. Lewts and Co_tumpus 
Verb, Picatinny Arsenal.) 


Measurement of Case Depth* 


In re Meraccturaicus’ request for commer- 
cial methods of measuring case depth: 

The slow cooled sample is prepared for 
microscopic examination and the depth to a 
half-and-half structure of pearlite and ferrite is 
taken as the case depth. 

The reasons why we like this definition bet- 
ter than any other we have come across are: 

1. It provides for any effect which the alloy 
may have on the eutectoid composition. 

2. This depth corresponds to the depth at 
which the first ferrite grain occurs in a part 
quenched for case hardness only. 

4. This depth corresponds to the depth 
at which approximately 5° troostite appears 
in the case and begins to reduce its hardness 
in a part quenched from above the upper 
critical. (Ernest J. Luepers, Assistant Metal- 
lurgist, John Deere Tractor Co.) 


*Epiror’s QUERY By the way, does anyone 
B 


use the simple old way? reak a piece after hard 
ening, warm the fracture gently from the rear in a 
gas flame until “temper colors” just start to form. 


Measure the blue ring around the red core, 


Separation of High Speed Steels 
by Spark Testing 


lr IS VERY SIMPLE to separat 
high speed steels from the molybd 
The former give long, lean. dull 
streams with no carbon bursts 
sparks from the molybdenum hig! 
shorter but much more numerous, 
red or straw in color with only t: 
near the wheel, and they end in 
spearpoints preceded by some sort 
due to carbon. (The condition of 
whether annealed or hardened, and 
ing conditions affect these spark s! 
siderably, although their general n 
the same.) 

The various molybdenum typ: 
distinguished among themselves if 
specimens of known composition aré 
to check against. The 5:5 W:Mo typ 
sive off quite as many sparks as 
W :Mo or “Mo-Max” type. The latte: 
slightly more pronounced carbon | 
longer spearpoint at the end of ea 
Addition of cobalt decreases the le! 
spark stream but a very large num 
linctive carbon bursts appeal! 
stream of a straight molybdenum | 
is also short and intense, with v¢ 
carbon bursts, but these sparks can | 
tinguished from those given off by 
bearing tvpe just mentioned. (4 
Research Laboratories, Norton Com; 








“Bits & Pieces” (Metallurgicus (ew 
Page) is designed for small but use- 
ful notes on things that have tro. 

ASMers and how to avoid 


Send in vour own. ‘The rew 


any A) book (except the Hand h 
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Jing cycles for improving machinability of difficult alloy steels 


. 


ne savers. Spheroidize annealing of 52100 is shown to depend on 
-ing at a temperature where some carbides are left undissolved and then 


: little below the critical for rapid transformation to spheroidite 


De eae 


Spheroidize Annealing 


of S.ALE 52100 Steel 





later break up or “divorcee”. to form sphe roids 


of carbide. Prerer Payson, W. L. Hoparre and J 


S.A.B. 52100 sTeeEL is consumed, in the 
most part, by the bearing industry where 








s used for bearings and bearing race rings. 
this application is made in the electric 


vhere control is kept at the optimum 


ssure a high quality product. Ingots are 
led to bars, pierced into tubes, and heat 


ted to the customers’ specifications 

lv as “spheroidize annealed”, This anneal 

ssitates close control if mill rejects are to 

if a minimum, The many problems 

ont the metallurgist and heat treater 

v be understood when the size of fur- 

d tonnage output of the mill are taken 
sideration. 

msumer demands a fully spheroid- 

i structure free from elongated carbides and 

Spheroid size is sometimes specified 

finite limits, inasmuch as non-uniform 

bide shape and size affects the quality 

ichined surface. It is also desirable 

pheroids be not too large, as the par- 

ipparently affects the rate at which 

so into solution in the hardening heat. 

been only in the last few years that 

ture sometimes called “spheroidite” 

recognized as a direct transformation 

{ austenite. The former opinion has 

been that during a spheroidizing 

mellar pearlite forms first from aus- 

emperatures not far below the critical, 


the cementite plates of the pearlite 


Leeper in their most excellent paper entitled 
the Spheroidizing of Steel by Isothermal Trans 
formation (Transactions, American Society for 
Metals, Vol. 28, June 1940) proved conclusively 
that under certain conditions spheroidite formed 
directly from austenite. It appears that a suc 
cessful sph roidizing anneal depends on keep 
ing the top annealing temperature, in the case 
of hyper-eutectoid steels, below the A line 
Should the annealing temperature be above the 
A..,, line and conditions such that the steel would 
be composed of entirely uniform austenite, the 
austenite on slow cooling would, no doubt, 
transform into pearlite, as demonstrated by D1 
Menu in the Campbell Memorial Lecture (1911) 

For the sake of simplicity and ease ofl 
expression the phrase “austenitizing tempera 
ture”, and the word “austenitized” are used by 
Payson and his associates, as well as by th 
present author, quite frequently (and perhaps 
erroneously) for in no case did my S.A.E, 52100 
steel consist entirely of austenite when heated 
to temperatures above the critical. The structure 


of the steel, at all temperatures studied above 
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hig. I to 4 Specimens of S.A.E. 52100 Heated 1 Hr. ant Wipe 
at 1430°F.. Quenched in Lead Baths at Temperatures eee eee oe 
Noted, Held 2 Hr. for Isothermal Transformation, and , aS SYP 


. . . . . - 2 
Quenched in U ater. Picral etch: magnification 2500 : SM arp 


diameters. No pearlite appears at 1275°F. or above 


the critical, was composed of austenite and 
undissolved carbides. 

In the present instance the S.A.E. 52100 
steel was investigated isothermally to deter- 
mine, under a definite set of conditions, the 
level at which austenite would cease transform- 
ing to spheroidite and begin to form pearlite, 
and to note the effect of the austenitizing tem- 
perature on the structure obtained by constant 
temperature transformations. A study was also 
made to obtain data on the formation of sphe- 
roidite during a furnace cool. 

The isothermal studies were made in the 


conventional manner. Small specimens !. by 1. 


by “. in. were austenitized for one hour, then 


transferred to a lead bath maintained at the 
particular temperature level under investiga- 


tion. The analysis of the steel is as follows: 


* Mn P S Si Ni C1 
1.04 0.45 0.013 0.008 O34 0.13 1.44 


Specimens were austenitized at 1430) and 
1500" FF. and quenched into lead maintained at 
temperatures of 1360, 1340, 1320, 1275, and 1260 
IF. These specimens were finally quenched into 
water after remaining in the bath for two hours. 
No attempt was made to establish the beginning 
and ending of transformation, as in S-curve 
studies. It was found, as shown in Fig. 1 to 3, 
that the steel austenitized (heated and soaked) 
at 1430° F. transformed directly into spheroidite 
at temperatures of 1275 to 1310" FL At 1360" F, 
no transformation was evident after two hours 
at temperature. This is not surprising, as this 
temperature is about 5° above the 1355" F. criti- 
cal determined for this specific analysis. (Any 
mention made to “critical”, in this article, refers 
to the temperature at which austenite begins to 
form when the steel is heated.) Figure 4 is rep- 
resentative of specimens austenitized at 1430 
and quenched into a lead bath at 1260° F.; close 
examination reveals pearlite. Evidently, in 
specimens austenitized at 1130° F. and = trans- 
formed isothermally, pearlite makes its appear- 
ance somewhere between 1275 and 1260" F. 

It can readily be recognized from the photo- 
micrographs that the size of the spheroids is 
the same at all temperature levels investigated. 


Obviously then, the size of the cementite sphe- 
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Fig. 5 S.4.k. 52100 Annealed 1 Hr. at 
1500°F.. Transformed 2 Hr. at 1320°F. Note 


ippearance of pearlite, undesirable for best 


machinabilitv. Magnification 2500 diameters 
ds cannot be controlled by the temperature 
formation. It can be controlled by the 
it these temperatures, as will be 
lained later. Considering the high mag- 
ition, it is interesting to note the extreme 
ess of the cementite spheroids; hardness 


s low, as required for machinability. 


Fig. 7 Structure of Steel *Austenitized™ 1 
Hr. at L130°F. (Below A,,,) and W ater Quenched. 
\ote remaining undissolved carbides. Picral 


eich: magnified 2500 diameters; hardness C-65 
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of 


Temperature, 


Steel that is spheroidize annealed and 
examined for microstructure is often found to 
be composed of spheroidite and varying per- 
centages of pearlite. Sometimes the appearance 
of pearlite in a structure that should be 100‘ 
spheroidite is blamed on too rapid a rate of 
cool, Figure 5 is a photomicrograph showing 
the presence of the undesirable constituent 
peartite. This specimen was austenitized at 1500 
and transformed at 1320° F. The structure of 
the S.A.E, 52100 specimen so treated consisted 
of spheroidite plus pearlite. The specimen of 
Fig. 2 was also transformed at 1320" F.. but was 
austenitized at 1430° F. (close to the mill anneal 
ing temperature) and no pearlite appears in 
its structure. There seems then to be a detinit 
relationship between the austenitizing tempera 
ture, and the temperature below the critical at 
which pearlite will begin to form. 

It may generally be stated that as the aus 


tenitizing temperature increases the tempera 
















_ < “ —_ an > 7 7 = 
on _‘Austenitized »OPECINEN OF Fig py 
1420 1430 F (7 He) C-65 Ane iby ~y 
P ve WEL ] < s 
1400 Quenchned 
1380 |}, No Transformation, 
Critical a Same Structure as 
1360 Temperature, 1355 % ; Fig. 7 
1340 Specimen of fig.8 C-60= > — 
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1300 « - 2 IZ B 9S = 
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€80 Specimen of Fig. 15 B-9/ = 
60 Hr 
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hig. 6 


Transformed During a Slow Furnace Cool 


lime- Temperature Cycle for Samples 


ture at which pearlite is formed also increases 
and approaches the critical. It follows that as 
the austenitizing temperature is increased, 
within limits. the rate of cooling must be 
decreased for a 100°) spheroid structure. In the 
spheroidizing anneal the most important single 
factor is the selection of a minimum austenitiz 
ing temperature — better described as the low 
est temperature for any steel at which the steel 
will consist of austenite and non-lamellar cat 
bides. Although a heating and soaking tempera 
ture of 1500° F. was instrumental in causing 
pearlit to form at 1320" KF. in’ these exper 
ments, it is actually used as the austenitizing 
temperature in some mill anneals, perhaps for 


the reason that the verv slow cooling of large 
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hig. 8 to 13 Progress of Transformation During Fur- 
nace Cooling Below Critical. Lighter areas were un- 
transformed austenite (martensite in quenched steel). 


Quenching temperature and resulting hardness as noted 


masses of metal, at about 10° F. per hr., results 
in a transformation to spheroidite just below 
the critical — certainly above 1320° F 

The application of the principles just 
described is believed to be of little practical 
importance as applied to the heat treating cvcles 
for large batch-type furnaces now in use in 
many steel mills. However, by taking advantage 
of the isothermal behavior of S.A.E. 52100, the 
structure spheroidite could be produced very 
economically in a continuous type furnace with 
two or more zones operating independently of 
each other. The steel to be spheroidized would 
enter the furnace and pass through a zone 
where it would be heated for a long enough 
time and at a temperature, perhaps 1435" F., 
that would give a structure of austenite and 
undissolved carbide; the steel would then pass 
through a cooling section into the next zone or 
zones maintained at the isothermal temperature 
where the transformation of austenite to sphe- 
roidite would take place. A continuous opera- 
tion such as the one just described should prove 
to be very practical and would require only a 
fraction of the 30 hr. now required for sphe- 
roidize annealing in large batches. 

We next investigated the formation of 
spheroidite during a furnace cool, both to sub- 
stantiate the isothermal data and to clarify 
the mechanism of the spheroidizing anneal. 
Actually the effect of slow cooling large quan- 
tities of metal is to give ample time at slightly 
sub-critical temperatures for the same_trans- 
formation to take place that was described in 1325 &F 
the first part of the paper, and also to equalize AN 

w FU 
temperature throughout the large charge. 


In studving the transformation of austenite 


to spheroidite when specimens of the S.A.E 


52100 were furnace cooled, a similar procedure 
to that used in the isothermal transformations 
was adopted. To facilitate handling of the small 
specimens, a wire was attached to each, reach- 
ing out through the thermocouple hole in the 
door; thus it was possible to remove the speci- 
mens at will without opening furnace door 
and destroying the cooling cycle. Specimens 
were removed at various temperatures during 
the cool and quenched into water. Any untrans- 
formed austenite that existed in the specimen 
at the time of its removal would appear in the 


Vetal Progress; Page 872 








~~ 
Lin fl 4 ’ ‘> Pa 
44 “ga e / 
eat ar +h ty 
416 “Fr a 8 -. 4 é 
o, “rt,” > ; oa 
"26 ¥ a v"« - aN , " \ “ » .- 
2» 5" > ee ? Far 
, ~ - ’ - Lad x 
~~ -~ = _ a> >. >». 
1} rg ‘ a 4 ry a FY i a 
~~ “ =~ Ve ‘ . 4 
ee: , 14 EI bak: 
Ae 4 ~~ 
. PK. he Le 2a) S te ah 
mid . : “ab 
Rar dS ty ix et Een ao 
’ tg te 4! a we 4" OF 
1% . 4 5 s by 
es ERS 2. : 
 @. * >» A'S > xe 4 
. . a-* Ss . = 
; sin > | s : 
_* 7 . 4, 20% a » <a > 
AN FS (fo hk” pe Soot 
S » «> . > . 
é , ie ee 4 
- s “a - “ 
i} uN Py: a eo i * 
iy 3 weed S96 er od ¥ 
’ Yond, 4 @ N \ nm *¥, 
wh ‘ . . a tA 2°. AV a! ay 
che oS ae arog ane = a 
~ » 1 ag “4 *. . 
As “ - Yr 
* SCE, ~ ‘> 
+>. 7? P—7 -' 
am {> \ 
whe _* 
* 2 - \ ee 
my dc <. sary? be ode 
19 OL . “ss ¢ ’ 7 
P . (mv 
2.02 . Pd ‘ 44 ; = 
. ,* oY -— Sov, © ‘ Woe od 
ALI BON OT OS ow? “" y A ‘ 
> a - <a" _ 2 ‘e- 
> fr> & ASS, ~ oe @.*s 
ds, po er ‘> >; 9 
OA 5 4 4 eA - >< > s ~~ 
% 4 . > Tt 4 i 
WP * of ‘ ed 
’ “4 a fs ° = ’ 
ne HE . . y 
, . a 
, > a - . “em 
mS ° of ry 
& Z Pin yt 
" ee bis Pe a 
. ” < 
. > " 
A + i: ‘ ~ T roy 
° ¥ < ‘ > / a 
. ¥ =” a <9: v 
(? - ’ if "<< 41 
il ? Moe 
yy 5 os “~ 
5 4.2 AR ew? 
; g wg ay 
Je 4 P ? yy  «-F — 
~~ a _ on” 
a Seal SP 
¥ ‘ ss 2 > ag 
a pre. 
~*% 
e 
t 
. 
¢ we . 
al 
7 
A “ 
J 
"? 
. 





polished specimen as martensite, and the prog- 
ress of the transformation of austenite to sphe 
roidite could be closely followed. 

Specimens were austenitized at 1430° F. for 
one hour, Time-temperature curve during cool 


ing is shown in Fig. 6. A complete picture of 
the transformation is shown in Fig. 8 to 13 
fransformation to spheroidite begins quite rap 
idly at 1342" F 
and ends 35 min, later at a temperature of 1310 
F. Fig. 7 shows the structure of 
tenitized at 1430° F 


into water. Although it appears that much eat 


soon after passing the critical, 


a specimen aus 
for one hour and quenched 
bide is undissolved, the austenite was of a high 
enough carbon content to give a hardness of 
Rockwell C-65 when water quenched 

As stated earlier in this paper, the size of 


the cementite sph roids obtained by furnace 


isothermal 


cooling and transformation was 
many times smaller than the spheroids of the 
structure generally accepted by the consumer 
of bearing steels. Figure 13 shows a specimen 
that received the same cool as the other speci 
mens but was not removed until it had remained 
60 hr. at 1275° F. This additional time of hold 
ing resulted in coalescence to larger sph roids 
Another point then that must be considered is 
that the size of the cementite spheroids depends 
on the time the steel is held below the critical 
It may be stated that the slower the rate of cool 
the larger will be the spheroids of cementite. 

It was believed worthwhile to determine if 
the rate of cool from the austenitizing tempera 
ture to the critical had any pronounced effect 
on the structure of the transformation product 
Experiments indicated that the rate of cool from 
austenitizing temperature to critical did not 
influence the structure formed below the critical. 

This article tends to substantiate the fact 
that spheroidite, under a definite set of condi 
tions, forms directly from austenite. A structure 
of spheroids of carbide and ferrite is usually 


Actually 


austenite transforms to spheroidite quite rap- 


associated with a very slow anneal, 


idlv. In the case of the furnace cooled speci 
mens described in this article, a structure 
consisting entirely of spheroidite was produced 
in one hour after the steel passed the critical. 
Of course, the large furnace charges must be 
large variations in 


annealed slowly to avoid 


temperature between parts of the massive 


charge and furnace; nevertheless, it is quite 


possible that even here the time can be reduced 
by studying all the conditions that influence the 
decomposition of austenite. rs ] 
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Since no copper producer was willing officially to discuss the copper 


situation, The kditor urged War Production 


statement which could be included in the October issue. 


Board to make a 


Here is the 


belated document, written more for the populace than for the technician 


Supply and Demand for Copper 


CURRENT Copper supply, in excess of 


\ 200,000 tons per month, is the largest in 

the country’s history. Domestic mine and 
smelter production is larger than ever before, 
imports exceed any previous year, and scrap 
collections are at a new high. (Approximately 
31° of this vear’s total copper supply will come 
from old and reprocessed mill scrap.) 

However, the extreme tightness of the cop- 
per situation is demonstrated by the fact that 
copper currently used for domestic electric sys- 
tems, communications, industrial motors and 
fittings, chemical plants and all of the thousands 
of industrial and essential civilian purposes 
which must be met, is much less than one-fifth 
of our total supply. Copper scarcity is further 
reflected by the recent announcement that even 
brass and wire mills and foundries would be 
allotted no copper of any kind, including scrap, 
except on preference ratings of A-l-a and 
higher. 

To meet this unprecedented demand for 
copper, domestic production this year is more 
than twice 1938 production (a lower-than-aver- 
age vear), and imports are greater than ever 
before. The following figures show how the 
copper industry has responded to war needs, 
beginning with exports for military purposes to 
Kurope in 1939. The totals include domestic 
production, scrap and imports. 

United States Copper Supply 
1939 1,525,500 short tons 
1940 1,913,800 
1941 2,467,100 
1942 2,971,700 (estimate) 
For decades the United States has been the 


largest producer, and the largest consumer, of 


copper. Despite our overwhelming s 
in copper production, we have recent 
heavily on imports. The last vear 

complete figures are available, 1938, s 


we stood with respect to the rest of 


Smelter Production (Exclusive of Scrap) 
United States 
Canada 
Chile 
Germany 
Russia 
Yugoslavia 
Japan 102.000 
Africa 353.861 
Australia 17.372 
217,209 


Other countries 


Potal 9 O47 000 


With United States copper supply 
greater than the whole world’s in 193s 
clear that, badly as we need copper, 
far out in front of the Axis powers 

Steel is being substituted for bras 
ammunition today in an attempt to 
of the pressure off copper. Steel is 
copper is relatively shorter. Copp: 
replaceable for many essential mil 
poses, and in view of the limited s 
copper, some other critical materials 
substituted for it when possible. Lh 
one reason why we must have nearl) 
as much copper this year as our mines 
in 1938. That reason can be found | 
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S ppl will 


ide of cartridge brass 30% 


copper situation can be 


rial being used to fight this war. 
sk takes almost a half ton of cop- 
of scout car, 150 Ib. One type of 
uses over 800 Ib., and the Flying 


All these 


have 


< over a ton and a half. 
e fighting tools. We 


it quantities, and they cannot be 


must 


t copper. That is where our copper 
e of bomber uses 500 Ib.; a front- 
p uses 2 OO0.000° Ib. 


lv would go into electric refrigera- 


The copper 


ire not being made this year, will 
copper and brass to complete 60 


Ammunition is the largest user of 


he casing on every round of ammuni- 
, 0.30-caliber bullet to a big 105-mm. 


zine and 
Modern warfare burns up ammu- 


ite never before dreamed of. In the 


Britain, in 1910, aviation experts were 


it the amount of ammunition con- 


hour. 


summed up 


statement that it is quite possible that 


determine the amount of 


ind war material that we can pro- 


me of the major categories. Estimated 


( 


requirements for 1942 are over 8° in 
maximum present visible supply; 
lotal requirements for 1942 are some 
ess of present visible supply. 


! Can We Do About More Copper? 


ck on the critical copper situation has 


spearheads, 
production 
bled it sinee 1938, in fact. 


First of all, we have 


tremendously more 


Then 


ire importing as much as we can. 


iis 


striction of 


for copper wherever possible. 
iction is being increased by 
effort in 
d by bringing into production 
rginal mines whose operation 
me had not 


roducers (15 companies pro- 


erlies as 


l] allow some are working 
veek. To encourage fullest 
n in normally unprofitable 


war measures are first the 
non-essential uses, 


the substitution of other 


well-established 


been economic. 


of our copper) are working 


hard as the labor 


ius svstem has been worked 


Metals Reserve Co.. a sub- 


>) — | 
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sidiary of the Reconstruction Finance Corp., to 
pay the premium price of 17¢ per lb. for all pro 


duction over a certain quota, This contrasts 


with current open market price of 12 Alto 
vether, the Government is spending ove! 
S180,000,000) and private industry more than 


$40,000,000) to develop new copper-producing 
facilities. 

Labor shortage continues to be one of the 
major problems facing copper producers, Cut 
rent production actually is being cut by man 
power shortage, an estimated 5000 tons of 
copper having been chopped off July output by 
labor shortage in mines and smelters. 

From Overseas Imports are playing a big 


part in our copper supply We will receive 


larger amounts than ever from some of out 
Good Neighbors to the south, principally Chile, 
Peru and Mexico, and from Africa and Canada 

What About Non-Military Uses? Some 
non-military uses of copper are essential and 
must be continued. Light and power for indus 
trv and housing must be provided, communica 
tions must be maintained, and a few other uses 
without which our society could not operate are 


Asia 


a pound 


being taken care of in a limited way 
from these, vou could not legally buy 
of copper with an equal weight of gold! Restri 
tions on copper us for non-essentials are such 


mav be used without specifi 


Wat 


Many wavs are being found 


that ho coppel 


authorization of the Production Board 

Substitutions 
to substitute other materials for critical copper. 
Revisions of brass specifications are being made 


even in Army and Navy munitions to conserve 


copper, and other switches to less critical metals 


Converter Copper Being Cast Into Anodes for hle« trolvtic Refining. 
Photo by 


Wide World at Washoe Smelter. 


{naconda. 


Vont. 











are being made wherever possible. Steel is 
being used in shell casings instead of brass. 
Simplification of pipe fittings saves enough cop- 
per in a year to put the rotating bands on a 
million 14-in. projectile Ss. 

Substitution of silver for copper in elec- 
trical conductors, during the last few months, 
has saved 12,000 tons of prime copper, accord- 
ing to estimates prepared by Harvey A. Ander- 
son, chief of the conservation and substitution 
branch. This has been made largely in bus bars 
(large slab-like conductors leading current into 
electrolytic cells) in 10 war plants being con- 
structed to make magnesium, aluminum, graph- 
ite and synthetic phenol. 

A minimum of 34,000 tons of silver has been 
allotted to the Defense Plant Corp. by the United 
States Treasury and must be returned after the 
war. The Defense Plant Corp., in turn, is lend- 
ing this silver to those plants that must have 
large quantities for operation, that can conven- 
iently protect the silver, and that are in opera- 
tion almost constantly. The silver is made 
available with the stipulation that it can be used 
only for a non consuming purpose. 

Silver actually is a better conductor of elec- 
tricity than copper; is easy to cast and roll, and 
is nota critical material. The amount of copper 
that it has replaced thus far is an appreciable 
percentage of total domestic copper production, 
and additional use of similar substitution can 
be expected. 

The saving so far represents enough copper 
to make 95,000,000 aircraft machine gun car- 
tridges, plus 600,000 anti-tank shells, plus 
1,500,000 anti-aircraft shells. 

Our Last Resort A vast mine of copper 
exists in this country, the obtaining of which 
can be speeded by every American. That mine 
is unused scrap and waste copper. By collecting 
old scrap and channeling it back into produc- 
tion, we hope to make available this year an 
additional 300,000 to 400,000 tons of copper. 

One part of this program is the activity of 
Copper Recovery Corp., which acts as an agent 
of Metals Reserve Co. in buying up stocks of 
unused copper and brass, and even fabricated 
products made of these metals, which are not 
being used in essential war work. This agency 
will serve to direct such unused stocks into the 
hands of those who need copper, thus avoiding 
the continued existence of idle inventories. Col- 
lection and resale of this inventory copper and 
copper alloy are running as high as 5,000,000 Ib. 


per week, on a purely voluntary basis. S 


ee 


Saving Tin on Cans 





Be THIS YEAR’S domestic wartim: 
tin for cans, over 21,000 long | 
will be cut almost in half in 1943 } 
now under way to use electrolytic ¢ 
bonderized black plate in place ot h 
plate. Peacetime practice was to ma 
hot dipped tin plate having 1.5 Ib. of 
box of about 100 Ib. 


conservation, hot dipped plate Was ¢ 


| nde! pressure 


to 1.25 Ib. of tin per base box where s 
applicable. Realizing that this reduet 
a drop in the bucket in a situation 
our tin supply had been cut off, th 
has gone into production of a new typ 
requiring much less tin electrolytic | 
Electrolytic tin plate had been in 
for several years, mostly for dry-pack« 
The production process is a deposit of 
steel black plate by electrolysis, simila 
or chromium plating. Experience has 


electrolytic tin plate can be made with 


as 0.1 Ib. per base box, one-fifteenth 
fashioned hot dipped plate. A tin d 
lb. per base box is, however, more p! 
most purposes, and it is on this basis t! 
our new electrolytic tin plate is being 

\ second important source of meta 
at the same time reducing the am 
required, is bonderized black plate 
process of treating the surface of the st! 
certain lacquers will adhere to it firmly 
prevent corrosion by the substance pac 

The kind ol plate required In cans 
the substance to be packed, and this p 
been given careful study by a sub-cot 
Conservation of Tin in the Food-Canning 
appointed by the Advisory Board t 
Metals & Minerals. 
acid fruits) probably need the 1.0-Ib. « 


Some products 
only 5° of the tin cans made must be 
At the other extreme, some foods cat 
satisfactorily in steel plate without any 

To bring about maximum conser\ 
limited tin supplies in fulfilling th 
which tin cans must be used, the Wat 
Board has under way a program ol! 
decrease ol tin in cans. 

The first step in conservation, alr 


plished, is limitation on can use Con 


November, 1942; Page 876 























—_— 
‘ . . Openhearth Alloy and Electric Fur » Cart xd All Steel 
> | & ‘i i . t ‘ « urnace arbon an oy Steels 
4.1.8.1. Star lard Ste« pm positions Ley needs Ban ond a nied @ 
> »? , 
Revised Sept. 22, 1942 Als! r s 42 SAE 
Number c Mn Max.* Max.* 8s Ni cr Me Number 
> >T A ) 8 € - 
)DE FOR PREFIXES l 2 ‘ ‘ 
- ' NE 28 } 60 » ‘ ‘ 
P NE N Eme y dard stee NE 5 t ‘ ‘ 
P designat promulgated by W.P.B NE 4 ao 4 ‘ " 4 
. . et ke ging 4 ; a rege NE ‘ 4 48 ‘ ‘ 
a ; e¢ “ y NE 1 48 60-1.9 4 ‘ 
ace ste } & " . : ' 
A 330 28 : é 8 4 40 { 3.2 ) 2 
A > 0.33 38 6 8 4 ‘4 2 3 
Basie Openhearth and Acid Bessemer ‘ arbon Steels A 2340 038-043 0.70-0.9 ‘ 40 . $340 
. A 234 0.430.486 070-0. * 4 ‘4 " 25 234 
t 2 > 4 0.45-0.6 25 y 4.7 
P Semi Wire Pr 8 $2 SAE a 2 19-0 17 400 oe 
‘ Bars Rods ‘ Mn (b) b) Number os> 6S : . ‘ 479 z 
- E 2 0150.20 0.45-0.¢ 25 0.02 2 4.75-6.2 
0 06 max 0.35 max 0.04 0.05 A 3045 043-048 0.75-0.9 0 040 40 20 0.8 ‘ 8 
0.08 max 0.25-0.40 0.04 0.05 4 013-0.18 0.40-0.60 ' . 
5 0.10 max 0.30-0.50 0.04 0.05 1008 c : : , : , 
™ 0.10 max A - , - : . 0 6008 : 1.4 
0 07-0 .12 6 25-0 4 4 ao A 3130 028-033 060-05 040 «(0.04 2 ‘ 
Q v.36 “ : ; a 4 033 38 60 i. 40 ¢ 40 { > 1.1 4 
3 f 5 n 5 010 . : 
Q 0.08-0.1 030-0 & 4 0.08 1 A > 38-043 ; * 4 0 040 ; 1 10-1.40 ? ; 
Q 0.10-0.15 0.30-0.50 0.04 0.05 4 O43 " 4 rt 2 1.10-1.4 9 41 
0.15 max . . A 43-0 48 0.9 4 4 2 1 1.40 9 45 
0.11-0.16 0 60-0 90 0.04 0.05 A 0.48-0.53 0-0. % 0.04 4 0.2 1 1.40 90 
Q 0.13-0.18 0.40-0.60 0.04 0.05 A . . . : 
. 0.13-0.18 0.30-0.50 0.04 0.05 1015 s-0.¢ a . ‘ 2 2. p0-1.2 ‘ 
= “ —" a 
Q 0.13-0.18 0.60—0 90 0.04 0.05 1016 E 0 08 0.45-0 6 bs) 4 
~ 0.10-0.25 E 6 140.19 0.45-0.¢ 2 2 2 4 
; + 15-0.20 ) 4 A 4023 2 x 4 ‘ 
; 01 é 8 ‘ A 4024 ‘ 4 : 
2 V 0.15-0.20 0.70-1.00 0.04 . A 402 2 , 4 4 ‘4 
4 102 , 4028 025 4 a 
C 0.18-0.23 0 40-0 60 0.04 A 4 03 4 4 , 
OQ 0 18-0.23 0.70-1.00 0.04 0 102 1 4 ¢ 40 4 ‘ 4 
; 0.20-0.25 P 0 50 0.04 ( A 404 04 4 40 404 
~- 0.20-0.26 i 1.65 0.04 i ‘ A 404 045 ) ‘ ‘ 4 
c 0.22-0.28 0.3 0 0.04 ¢ A 406 of é 40 ; : 
' 0.22-0.28 0 40-0.60 0.04 { A 4068 64 ‘ ‘ 
- 0.24-0.30 04 1) 4 802 6 , 
¢ 0 25— i 0 60-0 9 004 8022 . 5 4 
> 0.28-0.34 0.60 0 0.04 ( R339 - 4 
; 238 4 ‘ ¢ ‘ 8442 ‘ + 
0.25-0.40 A 4119 ‘ ‘ 
c 0 30-0.36 oF 90 0.04 a 4 . 
0.32-0.38 0s 70 0.04 ¢ a 4 ‘ ‘ ‘ 
Q 0.32-0.38 0.60-0.90 0 04 ( 2 4 4 i 4 
( 39 1.2 , ‘ E 4132 40-0 € + 
0.35-0.42 0.6 0 0.04 , 4134 2 0 40-0.¢ ‘ 
“ 0.37-0.44 0.6 0 0.04 of 4 I 4 
036-0 44 1.35-1.¢ 0.04 . 4 ‘ ‘ 
Q 0.40—-0.47 0.60-0 90 0.04 f E 41 4 
Q 0.40-0.47 0.70-1.00 0.04 { 5 A 414 0.38 + ‘ ‘ 414 
. 0.43 ) 05 70 0.04 A 4142 O84 ‘ 4 
0 43-0.50 0.60-0.90 0.04 fi 45 A 414 4 ‘ ‘ 
. 0.43 ) 4 , 414 . a8 Ct 4 414 
Q 0.45 oF ) 4 1050 A 4 af ; ‘ 4 t ‘ 
sa ‘ r I 4150 0.46 ; 2 2 i] 
\ 0.45-0 56 0.85-1.15 0.04 0. 
0.47-0.55 20-1.5 0.04 0.05 1052 N BE 2 ‘ 4 5 t 
v 0.50—0.60 0.50-0.70 0.04 0.05 N Bt 16 4 4 ‘ 40-0 ¢ ‘ 
Q 0.50-0.60 0.60-0. 9 0.04 NI Be 2 40 
\ 0.50-0.61 0.85-1.15 0.04 { N 8620 4 > 4 4 4 
0 55-0 65 Q 50-4 70 0.04 0. N € J ‘ , ‘ t : 
{ t | t * ‘ “ 
0.54-0.65 0.75-1.05 0.04 ( ‘ ) 
0 54-04 085-1 4 4 ‘ 
0 60 ) 0.5 o4 ‘ ‘ ‘ 4" 
0 60-0.71 : 106€ ’ 4 ‘ ‘ ‘ ‘ ‘ 
oF { x 4 ( ‘ ‘ ) 
0 65—( ( 4 r 44 ‘ : ‘ “4 ‘ 
0.6 0.70-1.00 U ‘ . NE : ‘ 
0.70 8 0 7 4 I 4 ‘ ‘ 
0.70-0.8 of 5 0.04 A 4 4 : : ‘ 
« 6 t ° ‘ , ° ,S 
0.72-0.8 0 30-¢ 0.04 0 . 4 ; : 
0 0 88 6( 9 0.04 C 8 I 4 ’ 
) t ‘ A 4340 -04 60 ‘ ‘ 434 
P ) ¢ ) ‘ E 4342 4 4 
0.82-0.95 ( oO 0 0.04 of , , 
‘ ‘ 4 . “r 
0.90 4 ) + 
0.08 max 04 x il 0 06 4 ‘ ‘ 
( aX 0.11 0.06 B 4 
) ‘ , , 
4° : ‘ 404 
pe i : } 464 4 
{ 5 A 464 4 4 
‘ 
‘ ‘ ‘ 
4 ‘ 
A " ‘ ‘ 
Sulphurized or Phosphorized Carbon Steels ‘ 
\ 4 , ‘ 
sem Wire Pr 2 SAE 4 
f sh Bars Rods c Mn b Number ' . 
0 04 t ; 
( ax x ( { 
4 ,- t ) > 
0.5 ) 4 ax { 
2 0. 90 0.04 : + 
€ x { | x { ‘> , ‘ 
0.f " 4 x i ! } 
' , 4 x 6 
r 
0 60 9 9 0.16 
) + ax 4 > 
t 0.90 } 024 1 A 61% ‘ . > 
0.10-0.16 4 x 024 ° 
120.1 ; ‘ { BE ¢ ‘ , 
. ‘ i 18 5 - A € 4 ’ ‘ \ 
. 013-018 4 ) > 
0.14-0.20 1.00-1.30 45 max 
< 0.14-0.20 1.30-1.60 0.045 max 0.08 118 NE 
0.14-0.20 1.35 € 0.045 ax 0 16 ; 
“ V 0.18-0.23 0.6 ry Y 45 max 08 } . : 
4 
: 0.18-0.23 { -1 ) 45 max 0.08 13 4 5 
Me v 0.17-0.23 1.65 0.04 ax 8 } 4 
Xa 0.27-0.34 65 0.045 max 0 08-0.13 | ‘ : 
: 0.32-0.39 65 0.045 max ( »4 ) ‘ 
2 0.37-0.44 ) 90 0.045 max ‘ 7 p 440 : 
0.37-0.45 65 0.045max. 0.06 3 41 = ben 
0.40-0 48 65 0.045 max 024 aod 4 
~ 0.42-6.49 00 0.045 max 4 114 
< 0.08 max 2 40 0.04 7 { x - : : 
{ aT x 4 { + : 
8 , as : 
= 0 080.13 { 0.06 ax 
NE , 
y 6.08-0.13 0. 60-0.90 0.09 10 : 
0.14-0.19 0.7 ) 0.13 02 29 ’ “ : 4 
vt 40 4 ‘ 
for f : g x NE 4 
. bt a4 : ‘ 
are x NI > 4 ‘ ‘ 
uly | 5 ‘ 7 
A besseme te B serie P { 4 
| ( 40 a r 14 a 
i ax to 020 p TE a 
— 
























































‘ 


a tw 3 . 
s wh vst fgeN e rd ‘ ‘i ie C : c' 
t Te Sf APES , ce 

pe 7 Sy 7 T! 


K 

- 

a. 
CRAP iron or steel turnings, clippings, short ends 
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worn out or broken tools, spoiled work, idle and 






obsolete machinery, etc., are valuable as raw materials 






for remelting in the production of new steel. 






Through previous refining, ingredients undesirable in 






steel have been reduced—thus the use of properly pre- 






pared scrap speeds the refining process and enables 






new steels to be produced more rapidly. Recapture of 






scrap—from your plant—means opportunity to save time 
and labor—hence more steel. 






Certain scrap contains valuable alloying elements such 






as nickel, molybdenum, tungsten, etc. which can and 
must be recovered to augment primary supply to meet 
tremendously increased demand for constructional and 












high speed alloy steels for more planes, tanks, guns, ships, tools and 
machinery essential to the war effort. 






b 


To be of maximum immediate assistance, scrap should be segregated by 
composition wherever possible. Turnings, spoiled work etc. should be 
identified (SAE, AISI, NE etc. grade number) at the machine where they 
are generated and so handled as to avoid contamination by waste 
material or scrap of other types and grades. 











The metallurgical experience of our staff is available 
to aid you in technical phases of metal salvage. 
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THE INTERNATIONAL NICKEL COMPANY, INC. er waa sate 
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The un 


warrant 


benefit of 1S Members who could not attend 


proportt 


tance of the 1942 National Metal Congress and Exposition 
s full an account in Metal Progress as can be reported, for the 
: even though they were fewer in 
than ever, as judged by the record breaking total of registration 





Seven Aspects of the 


National Metal Congress 





Steel Making 


and minor matters 


IN CLEVELAND a few of the numbers that 


irticularly distinguished by having streets 


eC] 
imed after them are three, six, nine and 
velve. Twelve is, of course, further honored 
being permitted to have its street join with 
iclid Avenue to form a corner for a popular 
tel which, need I add, was at its popular 
scendance during the @ Convention and Expo- 
on. When I pulled into the unloading zone 
Monday morning the doorman asked if I had a 
servation. I thought, “Well, this is fine — they 
ist be expecting me.” On entering the lobby 
immediately saw about a half a dozen of my 
ends, which further contributed to the idea 
cordiality, I excused myself from a group 
isking my former boss if he would talk to 
Mrs. Norris while I arranged to get my room. 
‘le mentioned something about already having 
engagement for the evening. Later on, stand- 
{in line for a room, the significance of this 


ry ] } 
mark began to dawn on me! 


\ group of diligent air getters (you have 
obably heard the expression, “I think T'll go 


ta little air”) finally located streets 
ned alter 4, 6, 7 and 8 but at this writing 5, 
‘l appear to have been distinctly 

in the early days of Cleveland. | 


conclusion is sufficiently tentative 


that: 1. It will not be lonesome in the company 
of other conclusions. 2. It will not rise to haunt 
me after the report of some future research. 

A source of satisfaction to most people is to 
make (or vicariously even to know of) a predic- 
tion that comes true, or to find agreement 
between theory and practice, or to arrive at an 
explanation for well founded but apparently 
contradictory facts. There were many instances 
of such satisfactions which, | believe, contrib 
ute to the feeling that this Convention was very 
much worth while. At least one theory was 
definitely disproved, viz., “There is not much 


use in going to conventions because the papers 


i 
are printed in Transactions.’ 

Realizing, however, that especially this year 
there are many who could not make the trip, 
this article (and its companions) is an attempt 
to bridge the gap between the strictly formal 
technical discussions that are available for read- 
ing in Transactions and the strictly informal 
discussions that will never appear in print, 

British Production — The Cleveland Chap 
ter of A.I.M.E. opened the fall season with 
an interesting and well attended meeting which 
was announced in some quarters as the Annual 
Fall Dinner of the Iron & Steel Division and the 
Institute of Metals Division. Earte Souirrn, 
tepublic’s chief metallurgist who had just 
returned from a mission to Great Britain, gave 
two examples of careful prediction or planning 
that none will forget. The navigator of a cer- 


tain air transport had an error of three (or was 
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it four?) minutes in his estimated time of a 
trip that had a total length of some 11 hr. Again: 
During an air raid of a British blast furnace 
plant two bombs missed a particularly vital 
auxiliary by one landing 50 ft. on one side and 
the other landing 50 ft. on the other. The 
designer of this plant was in the room when 
EARLE gave this report and said, “I am glad to 
hear that I put that building in the correct spot!” 

Here is a statistic that is worthy of more 
than passing attention: The number of blast 
furnaces in Great Britain is just a few less than 
the number in the United States; using almost 
the same number of furnaces and one-half the 
number of men, they make one-seventh the 
amount of pig iron we make. 

Hydrogen — Several instances of agreement 
between theory and practice were brought out 
in the discussion of Cart Zappre’s paper on 
Hydrogen. One point was the comparison of 
bleeding in 12°¢ Cr and in the 17% or higher 
chromium-iron alloys. Another point was the 
effect of manganese on bleeding and on flaking. 
One is attributed to the hydrogen that is 
released from the liquid and the other (at least 
in part) to the hydrogen that is not released. 
Another part of the discussion that was dis- 
tinctly dramatic was in regard to whether iron 
reduces water to release hydrogen, or whether 
hydrogen reduces scale. Several pertinent 
examples, including hydrogen embrittlement of 
boiler plate, were cited by various discussers and 
then Zappre of Battelle had the ball. A fumble 
now would be disastrous! This was no time to 
trust any of the boys; so he gave the ball to 
the old man and the law of mass action made 
a first down. You can read it all in the A.LM.E. 
Transactions, and perhaps after several months 
it won't strike you this way, but it did me. 

Luncheons — The requirements for attend- 
ance at an alumni luncheon have never been 
adequately defined. I have heard of a mining 
engineer from Colorado who gets an invitation 
annually from Bos Men to attend Carnegie 
Tech’s meal. Personally, | attempted to partici- 
pate in the one for which I had made reserva- 
tion, but discovered that the larger rooms had 
more vacant seats. Of course there were also 
more filled seats, but it was a vacant seat that 
I was looking for. (1 imagine that Dr. CuipmMan 
could relate this situation to one of the three 
laws of thermodynamics.) I finally selected the 
larger group on the theory that I would be more 
acceptable here because my singing would be 
diluted by a greater number of voices. 


> 


Although holding no lunche 
limken and Republic Alumni wer 
by some distinguished members 
occasion to renew old ties of fris 

Tin Steel 
be hearing some more about tin. | 


A safe prediction js 


for future research were made right 
of the meeting. Prof. WaLkKer of t! 
of Illinois suggested that he would | 
steel of various tin contents w 
radiograph if he could secure the | 
ples. J. W. Hatiey of Inland Steel ¢ 
said he would be glad to provide t/ 
There is a small obstacle in the matte: 
fication, since the micro-radiograph 
at not much over 200 diameters, w! 
grain boundary precipitate found with 
is disclosed at 2500 diameters. In 
HaLLey’s paper has stimulated fut 
which is one of the purposes of pub! 
GERHARD Derce of Carnegie Te 
way, is willing to test the hardenab 
steels and collect data whereby id 
ability can be computed by Grossman 
ods — if the work is not already unde: 
anybody else working along these lines 
Help, Help! 


meetings in general and the 1942 Me! 


Another purpose 


gress in particular is to provide informa! 
help to those with a definite problem 
A list of all such instances would be 
to compile. Two are selected as typi 
One man asked for some definit 
tion on the duplex process, and it was | 
provided. The benefit of this one 
attests the wisdom of repeating the M 
Prize Paper at the next meeting, all! 


; 


authors were modestly reluctant to « 

A metallurgist with an aircral 
facturer was seeking advice on me‘ 
requirements of a particular part. HH 
several suggestions. 

Not to be neglected in a report 
of importance to steelmaking is “Equ 
Liquid Iron and Simple Basic and 
in a Rotary Induction Furnace”, by ‘ 
Taytor of the Armco staff and JoH» 
of Massachusetts Tech. I will have | 
discussion of this paper in A.I.M.F. 71 
because it is simply impossible to 


sessions, each scheduled for 2:00 o'c! 


cially when one is in the Statler Hot 
other is in the Cleveland Auditorium 
to attend the latter session, for it w 
recorded. This TAYLOR-CHIPMAN | 
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from the last February meeting, 
ed a better place on the program. 
ceived its proper share of atten- 
stion frequently rises as to whether 
openhearth charge is a necessary 
mitigated evil. This question in a 
tly a d form was asked by JoHN Marsn. 
- was that the lower the silicon the 
loun said this answer agreed with 
It was not entirely clear whether 
meant better for tons per hour, or 
rfor the chemical analysis. (1 almost wrote 
er for quality”, but refrained because I 
embered that quality can be discussed only 
relation to ultimate use.) 
But Reacan (now of Copperweld Steel) 
s to ask a closely related question, “How 
in the limestone be cut on low silicon 
ses?” With the charges and applications 
(| know of, it seems to me that high sulphur 
| be the first indication of too low lime, and 
phur will show up to serve as a warning 
re any more subtle detriment creeps in. 
remembered this answer, and used it as a 
d some two or three years later. Now comes 
von Jones, assistant superintendent of open- 
rths for American Rolling Mill Co., with 
evidence on the matter. In describing 
process Which his associate CHarLie Fon- 
sMirH playfully refers to as the bessemer 
was never permitted to buy, VERNON reports 
iniformly controlled silicon at a low level. 
e is an ideal chance to cut the lime charge 
e bone. The amount used could be only 
which is absolutely necessary, because no 
rgin of safety would be required to provide 
nexpectedly high silicon in the charge. 
e is his answer as I remember it (and you 
{go to Transactions on this one): With the 
r silicon iron (0.40%) they expected to be 
lo go to a 3° lime charge, but found that 
sphorus removal was unsatisfactory, and 


refore could not get down this low. 


Une interesting section of the 
ipbell Memorial Lecture, all of 


dentally will reward careful 
Y, dealt with silicate structures in 
ss. | wouldn't doubt but what this 
something to do with Bi. 
(ANS Question and maybe with 
‘si’s. Dr, CHIpMAN surpassed 
self this lecture. It must be 
iere for lack of space. The 
says Metal Progress will 
icting it in this issue for it 
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will be published in full in @ Transactions for 
December. 

Refining Reactions — Zarrre and Sims of 
Battelle Memorial Institute have given us some 
thing else to think about in connection with sili- 
con and oxygen in liquid iron. Starting from 
the data which they have, their conclusions 
follow inexorably from sound thermodynamic 
considerations. This is not merely my opinion, 
but the considered judgment of one who is as 
straight in his thinking as he is in his chalk toss- 
ing. With this assurance I am willing to talk 
about the existence of silicon monoxide (!) in 
liquid iron and to consider the solution of SiO 
as a stepwise process. (As Dr. CiipMan men 
tions, it is possible to make use of a concept 
without believing in it.) The authors are to be 
thanked for expressing their results in under- 
standable terms and especially for including 
some sample calculations at selected representa- 
tive temperatures. Sometimes in a paper of this 
sort because of the whim of either the author 
or the editor the results are expressed in the 
form of an equation and the reader is gleefully 
left stranded to muddle back to familiar terri- 
tory as best he can under his own power. 

The last of the references to silicon that I 
am going to mention is the @ paper by Joun 
CurpMaN and his associate N. J. Grant on the 
heat of solution of silicon in liquid iron. As 
nearly as I can tell from a casual reading, 
Zappre and Sims use 115,500 cal. for the oxi- 
dation of silicon to SiO, by FeO at 1600° C 
CuipMAN and Grant give 180,000 cal. for the 
deoxidation of iron by liquid silicon at 1600° C 
One is apparently the same as the other, in 
reverse, and there isn’t any way | know of to 
make 115 look like 180. Maybe there is some 
little trick that I have overlooked. (Hitler and 
Goebbels probably could do it.) 

It would have been interesting if Chipman, 
GRANT, ZAPPFE or Sims had given some values 
for the amount of heat absorbed by the ladle 
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as related to the amount of preheat and the machine manufacturing is that 


number of heats poured, but perhaps this is the jobs that women can do 

expecting a little too much. The calculated heat women, production is increased b 

effect of 75° Si and 50% Si confirms the prac- 70°%° of women’s jobs are filled w 

tical observation that 50° ferrosilicon is not a officials are disappointed if pros 

source of heat with a large ladle addition. The doubled. In other words there | 

borderline composition where the heat required many men doing women’s work 

by the cold addition is equal to the heat of solu- importance to keep in mind that 

tion, in which case the over-all effect is neither are men’s jobs, and if women ar 

heating nor chilling, is about 62% silicon. It they break down after a few m: 

doesn’t matter much whether the addition is Show — Now the technical rey 

all 62° ferro or whether it is a mixture of and we can wander for an hour « 

20° with some higher alloy to give an average the exhibits. I suppose you could | 

of 62°°. The necessary data are all in CnHrp- the aisles 50 times and see new ft! 

MAN’s paper and you can figure it out some day new ideas each time. It seemed to me this 

when you are waiting for the heat to cool off that the attendants had a story t! 

enough to pour. With a large enough addition anxious to tell— once. If you we: 

this is a good little while. ested after having been informed 
Scrap A scrap drive is a one-time source expected to pass along; no high press 

of raw material. The only permanent way to ods were in evidence. If you wer 

increase steel production is to reduce more ore an abundance of useful suggestior R 

which with a few notable exceptions means to able. The various applications of 

shove more ore through the blast furnace. An product or process are not always d 

increase of pig iron production from 71 to 8&5 apparent to the casual observer, so 

or more million tons is anticipated. For most pause a little even though you may 

shops this will mean that the openhearth must have no use for the product. 

learn to use high iron charges. A big part of One example is probably repress 

this problem is not metallurgical but is a mat- many such cases: I had thought t! 

ter of transportation, or railroading — however manufacturer's chief interest in degreasing 

you want to think of it. (“Expediting” is the to use an oil that the customer can rei 

popular cliché.) Broken down in this way the isfactorily from the sheet. I found 

logic of establishing a new job is understood. that there is an application of a degreasing 

This man might be called the “charger” because right in our own plant which saves consid 

his duties are of an importance probably equal time in removing heavy grease from s! 

to those of the melter. He should be responsible bearings during repairs. 

for getting all materials (both scrap and hot Trivia — A sight of considerable interes 

metal) to all of the furnaces at the proper time. strangers which veteran Clevelanders 

In other words, he coordinates the stock house. £0 by with complete indifference ts , > 

the mixer, the switch engine, the transfer car “half-tracs” out on a test run. If ! 

and hot metal crane to the furnace’s needs. school boy looking for a prolific sou! . 
Electric furnace shops and makers of alloy metal I would find where these b S 

steel will feel the scrap shortage the worst. and try to get the neat little packag 

Some grades now being made in the openhearth that each caries! 

may be made in the electric to save chromium If you know who made these ren 

and manganese or for quality. A need is felt you were either at the conventiot! 

for an over-all general authority for scheduling pretty good idea of what it was like 

the production of each company, rather than “I have vour name right here a 

depending on plant location, customer rela- have a room as soon as anyone chec! 

tions, ability of the sales force and _ similar “What goes into the furnace mt 

considerations to influence the type of orders unless it stays in.” 

turned out by various mills. “Sorry to have to rush off bu 
Women’s Work — In England 131.‘ of the catch the six o’clock train.” (What 

employees in the mill are women. In some mills must have been if everybody caug! 

women are holding such jobs as chippers and “I couldn’t get a reservation U 

blooming mill rollers. English experience in so I'm going to fly back.” 
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\ Heat Treatment 
. \s ss 9:30 A.M. Monday morning, 
er wber 12th, a sufficient number of A.S.M. 
n mbers | appeared at the Hotel Statler to 
7 tv the parlors provided to discuss 
S eel properties. 
O. W. Boston and L. V. CoLwe.w’s paper 
S “The Effect of Hardness on the Machinability 
ar Six Allov Steels” should be of considerabl 
ed rest to. production-minded machine shop 
and § operintendents trying to obtain maximum 
ae yea sults from over-burdened armament plants. 


wuthors, by careful standardization of 
. ting procedure, determined the relative 
hinability of six nickel-chromium and 
kel-molvbdenum steels at various hard- 
ses. The authors noted, among other things, 
the steels with highest hardenability 
ned more readily at high hardness than did 
steels with lower hardenability. More than 
f the discussers suggested that this effect 
d probably be explained on the basis of 
rostructure; those steels with high harden- 
ty probably resulted in a very uniform 
ture after quenching and tempering. Steels 
Ai lower hardenability, though having the 
si e nominal final hardness, were probably of 
iniform microstructure. 
are D. H. Rowianp and O. E. Romie also pre- 
led an interesting method for obtaining 
erior results in the metallographic polishing 
galvanized sheet. The word “galvanized” in 
litle should not deter any ferrous metal- 
srapher from reading the paper. A new 
hod of obtaining metallographic alumina 
thout levigation) by calcining aluminum sul- 
is explained, 
Haraenability Session—“Standing room 
*, and very tittle of that, was available 
Morse Hint, G. R. Barrow and Gitsert 
presented papers on hardenability. 
Mr. Hitt’s paper on the end-quench hard- 


bility test was followed by lively discussion 
iting the general interest in the subject 


's timeliness. One point made evident was 
¢ reproducibility of the test, if a few pre- 
Ns are taken, is considerably better than 
Varia- 


steel caused by segregation, forging 


om a practical standpoint. 


fect of prior structure are much 


| the variations normally encoun- 


Convention Report 


tered because of changes in water temperature 

and head, and other experimental errors. 
Messrs. Barrow and Sorer, in their paper 

entitled “Hardenability Control of a 1‘ 


Steel” found that the end-quench method was 


Carbon 


not sufficiently sensitive to give satisfactory dis- 
crimination for steels of low hardenability 
Complete quenching of standard rounds is bet- 
ter for shallow hardening, high carbon steels. 
By taking account not only of carbon, manga- 
nese and silicon, but also of the incidental ele- 
ments, phosphorus, chromium and nickel in 
such a steel, the authors found they could suc 
cessfully predict its hardenability. 

Tool Hardening In a session late in the 
week somewhat divers opinions concerning 
the austenite — martensite (or bainite) trans- 
formation during the quenching and tempering 
of high alloy toolsteel were expressed, and 
vigorously argued, by Preren Payson and J. L. 
Kiem of Crucible Steel Co. of America, on the 
one hand, and Morris Conen and associates al 
Massachusetts Institute of Technology, on the 
other. These are described in more detail in the 
report on Fundamental Metallurgy, page 895, 

Possibly the different conclusions are due 
to different experimental techniques — Payson 
judged conditions principally by microstruc- 
ture, and Conen by time-dilation curves, At 
any rate, Payson insists that interrupted quench- 
ing for isothermal transformation is not good 
tool-hardening practice. Commercially only 10 
to 15 min. is allowable at intermediate tempera- 
tures to reduce the surface-to-center gradient 
of the heavier tools (and so decrease the 
internal strains) or for straightening operations, 
Transformation to hard martensite is not an 
isothermal transformation, but will occur as the 
temperature decreases, in the range from about 
100 to 80° F., 


in that interval. 


independently of the cooling rate 
Substantially complete trans 
formation should take place before tempering 
starts, so “it is faulty practice to temper tools 
before they have been cooled throughout in the 
quench to about 100 to 150° FF.” 

Production Hardening — In the round-table 
discussions one of the talented arrays, chair- 
manned by Rosert B. Scuenck of Buick Motors, 
considered problems of production hardening. 
A recent study was made by one of the experts 
on the “sluggish steels” S.A.E. 4140, 1210 and 


1340. End-quenched tests were made on these 
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steels in four microstructural conditions, bon content to get added hard: 


namely, spheroidized annealed, as hot-rolled advised to do so by the steel prod 
(somewhat banded), normalized, and pre- probably bring on greater d 
quenched. It was discovered that the end- quenching troubles. Avoid decid 
quench test curves were unchanged by any hardenability just to obtain a 
reasonable quenching temperature (40 min. “safetv factor”, for increased 

hold), if the temperature rises above the point means increased use of valuabk 

where solution is attained. Time at quenching Both producers and consuny 

heat up to thr. very slightly decreases the hard- a savings of 50% in critical al 
enability of all the structures except the sphe- accomplished by shifting to NE s 
roidized, where there is a marked increase in man CHARLES M. Parker sounded 
hardenability with time at 1525° F., the quench- with the statement that “The su 

ing temperature used. The conclusion is, of steels is Just as vital to this count: \ 
course, that time at quenching heat can fre- and Army victories”. 

quently be reduced in commercial work — if Metal Show — From numerou: ‘ 
the piece really is at quenching heat. at the Exposition, one remembers that | 

NE Steels Producers and consumers Engineering Co.’s film, “Heat Trea H 
freely exchanged all available data on the was shown hourly to crowds fr 
national emergency steels at two notable round- large to be seated. This color talkie pres 
table discussions— the new type of technical several interesting ideas and m: 
meeting that is bringing back a freer flow of obtaining better service and life fr 
information between speaker and = audience. tools and gears. (This film is 
About 15 experts gave brief statements concern- showing at plants and group meet 
ing this or that aspect of the general subject, and The present trend toward indu 
were then open to comment, question or rebut- ening, brazing, annealing and he 
tal from the floor. Both meetings stressed the emphasized by conspicuous display 
fact that American metallurgists must complete different companies building induc! 

a conversion task in a few months which nor- equipment. The various methods 
mally would require ten years. hardening by differential heatin 

It is expected that most of the material so induction, oxy-acetylene flame, gas 
presented will be printed, in some form = or were presented at one of the round 
another, but meanwhile a few comparisons may cussions, Proponents of each met! 
be stated, all based on plant experience with far superior transition structures b 
numerous full-sized heats. ened surface and unaffected base, as . 

1. NE&8630 has been found by one large by a gentler hardness gradient o1 
consumer to have slightly beller impact strength microstructural change. It might 
than S.A.F. 4130 or 3130, both at room tempera- sharpness of gradient is associated ' 
ture and sub-zero temperature. of the operation — superticial hard 

2. In shifting from S.A.E. 4620 to NE&620 than a second by high frequency el 
and NE8720 another consumer found somewhat rents is a modern miracle in mass 
increased tool life, and no increase in trouble but the very time element prevents 
from either banding or distortion. of much heat into the body of the 

6. In many instances a considerable reduc- thus makes for a sharp demarcati 
tion in annealing time can be achieved by shift- heating, the mass of the piece —- fat 
ing from S.A.E. steels to NE steels of equivalent a hindrance to surface harde! 
hardenability. The time saving is easiest when advantage since the cold cente! 
furnaces are such that constant temperature quenches the piece; the hot sur 
transformation is possible (see Mr. Harsren’s spraved outside, are in fact quen hes 
article on page 869). directions. While there are ma 

1. NE steels are capable of doing as good induction hardening seems to be 
a job as S.A.E. steels in 98‘. of the cases, relatively simple shapes like ev! 

In changing from an S.A.E. steel to a faces, whereas flame hardening 
national emergency steel, select a grade of com- large, irregular surfaces, or for spol 
parable hardenability with approximately the or in places where hardening ¢q 
same carbon content. Avoid increasing the car- needed in a great hurry. 
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ao ul oy . 
Welding Highlights 
y J seph V Kielb 
\ s CRITICAL PERIOD of the war program, 
(me in Society for Metals and the Amer- 
Welding Society gathered to discuss vital 
nts that have developed in the past vear. At 
| the sessions, new findings in all phases of 


\ velding were revealed by the welding men and 


) individual profited by the experiences of 


Cl it 


rs A certain amount of tension created 


rough the effort to fill war orders was visible. 
From the opening session on Monday until 
ie last session on Friday, each conference was 


ily attended. All papers were presented in an 


vcellent manner and the audience carried on 
wh general discussion. Each individual 
’ wemed to be there with the definite purpose of 
llecting some new information pertaining to 


s particular job. Welding sessions contained 


i 
tures on all types of welding and cutting 
ch exist in shipbuilding, aircraft and indus- 
il plants, and included much matter on the 
ruiting of women and training of personnel. 
Several of the papers included the combined 
rk of welding engineers and metallurgists. 
lany new developments required the coopera- 
of both departments in order to tackle the 
roblems encountered in production. 
Substitute or Modified Steels — Weldability 
{steels is such a topic, requiring the knowledge 
both metallurgist and welding engineer. 
nother is the handling of new and modified 
substitute steels recently developed. New pro- 
j 


ires and techniques are being used for weld- 
these steels, but final appraisal of weld 
elal structure depends on the decision of the 
elallurgist; an example in aircraft is the 
eplacement of X4130 by NE8630. Another 
eeling discussed carbon-manganese steels, 
eir hardness, effect of plate thickness, single 
iiple pass welding, and like matters. 
NE8630 steel is higher in manganese, silicon 
d nickel content than X4130, while chromium 
d molybdenum are slightly lower. It was 
ed that the welding qualities were closely 
lated to X4130, but welding techniques varied 
atl lt was said that welding wire with a 
rbon, ranging from 0.05 to 0.12°7, sili- 
05° max. with no molybdenum and 
Mi o chromium gives better results in the 
welding wire with higher 


MK trea than 


Report 


carbon, nanganese, silicon, chromium and 
molybdenum. Test specimens showed that the 
higher alloyed welds cracked in the welded area 
or in the fusion zone, before complete bending 
of the longitudinal bend specimens. The micro- 
structure revealed martensite in the fusion zone, 

This condition was improved by oil quench- 
1550" F., followed by 1 hr. at 900 


P. Lyris This heat 


ing from 
(which A, 
treatment improved the tensile qualities of all 


recommended). 


the weld metal areas; however, high qualities 
often prevailed in welds made with the high 
carbon and alloy wires. It was also mentioned 
that in many aircraft plants, different rods are 
being used without a control specification of 
chemical analysis, varied as necessary in respect 
to the types of metal being joined, and the 
speaker presented a suggested specification, 
While this particular paper pertained to oxy- 
acetylene welding in aircraft, it is recognized 
that are welding is being highly developed and 
Welding 
wire is controlled under specifications set up by 


the A.W.S5. Effects on 


structure within the are welded area, re-design 


proving satisfactory in this industry. 


codes on. electrodes. 


to aid the welder, the effects of hard areas, 
locked-up stress and internal strains created by 
are welding all are under investigation. 

Ata later session it was revealed that a gen- 
eral survey had been made of all aircraft plants 
on both East and West coasts, and it was a 
pleasant surprise to find that a greater degree of 
standardization is being developed than would 
have been surmised from earlier discussion. 
Cooperation was observed in industry both here 
and abroad, as markedly shown by men from 
all parts of the United States and Canada 
attending these sessions. England had two 
representatives at the sessions to give some ol 
their experiences, and in return to receive new 
ideas to take back with them. 

Hardness o] the Joint Ihe session on 
weldabilitvy of steels brought forth much talk 
about the hardness developed at the welds in 
Most of the research 


along this line has been carried out by univer- 


carbon-manganese steels. 


sities interested in welding problems, and has 
been sponsored by the Welding Research Com- 


mittee of the Engineering Foundation. An 
important part of the study related to technique 
of plate welding in relationship to the hard area 


created Next was the question re lating to the 
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weldable, the Tee-bend test canno 
ferentiate usability of intermediat 
What would be the effect 
regions if vibration tests were 
Tee-bend specimens? Although alt 
tests on welded areas with differ 
welded joints made with differe; 
are not often discussed, it has bee 
welds having hard spots in the 
have cracked in the throat and the 
weld metal under fatigue, even wh 
have been made after optimum 
Additional thought might be 
hardness relations when joining \ 
of steel such as high tensile st 
steel, high tensile steel to special ti 
or mild steel to special treated stee! 
by the various types of electrode: 
method of welding, whether single pa 
Vassive Spot We elder For Thick Plate W herein the W eld- tiple pass. Some rather une xpected 
ing Current as Well as a Second Cycle for Heat Treatment hardness surveys were reported, but 
Is Automatically Controlled by a Thermocouple Built of hardness in all cases depended o 
Into the Refrigerated Electrodes ( Progressive Welder Co. eter of the electrodes, thickness of 
preheat temperature. If a series of 
diameter of the electrode as it affects the depth single pass welds gives questonabk 
of hardness in the base plate. Numerous hard- then the multiple pass should be tried 
ness readings around the fusion zone were method changes the hardness of t! 
higher than the weld metal and the base plate, layers in all zones. The amount 
and cracks developed in welded zones of 460 to depends on the technique that is, tl 
85 Brinell. intermittent, or weaving techniques 
A test for carbon-manganese steels (a Tee- ing method anneals the previous 
joint with top plate bent on 12-thickness span changes its hardness in approxim 
SO thal the fillet welds are on the tension side) thirds of its depth. his results iM a 
has been developed by the Navy Department form structure. The other two methods 
and is used by many research laboratories. In the hardness due to the limited but ! 
such a bend test cracks are developed in all heat within the welded area and o 
sections of the welded area the throat section, hardening cracks develop in the fusio! 
and the horizontal or vertical leg of the weld lo its rapid cooling by the base meta 
metal of the fillet. Tests have been carried out It would be a difficult assignme! 
on material preheated to 300, 600, and 900° F. bine all the hardness data on differ 
before welding; generally single pass fillets were with relation to the thickness of plat 
employed. electrode, single or multiple pass wel 
In a careful study along these lines by Leon treatment before and after welding 
C. Bisper and Juries Huescukert of Carnegie- tion but five variables — but such a t 
Ilinois Steel Corp., it is concluded that the be an invaluable aid to the industry a 
total angle of bend at the sfart of failure is the its understanding of present day 
best criterion of weldability or usability of the where much steel other than mild cat 


material. Incidental and unknown variables must be safely welded. W. F. Hess. 


in the welding or testing appear to have more charge of the welding laboratory at ! 


influence than minor variations in the chemical Polvtechnic Institute, is planning to ¢ 
analysis of the steel. The same is true of the in his study of cooling rates on th 
grain size and method of manufacture. It was of are welded joints. This work wi! 
concluded therefore that while the low carbon, welding engineers who are having 

t 


low manganese steels are most weldable, and cracked welds from locked up si 


the high carbon, high manganese steels least internal strain developed during w' I 
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Cutting of Steel, and Tools Therefor 


<> mucu of the information on tool- 


Sine 
le materials, tool design and machin- 
lity ; given in round-table discussions, 


lividuals should not be quoted by 
s report will be of a somewhat general 


re. with no attempt made to be consecutive 
hronological. 

Toolsteels — One difficulty the production 
must meet is the changeabilitv of his tool 
Jerials. a matter which is apparently much 
re prominent in high speed steel than in the 
ferrous tool alloys and the cemented 


A ws 
rhides. Official opinion seems to be that the 
ws used in making cutting tools should be 
ved for the production of more alloy steel. 
stant consideration must be given to the 
pply of such elements as tungsten, molvbde- 
m, cobalt, vanadium, chromium, titanium and 
jum. Current consumption of some of 
se is greater than the production, although 
s condition varies, and the types of tools most 
propriate to use will also vary. At the present 
much 18-1-1 high speed toolsteel is avail- 
le but the molybdenum types constitute the 
eater tonnage in use. 
\t present, about 65% of the molybdenum 
peed steel tools are of the 5.25% Wy, 4.5 
of the tonnage is of the 8.5%. Mo, 
W type; and 15° is of the 8.55 Mo, 2% V 


e. It is expected that, by the end of the vear, 


ivpe; ‘A() 


lirst mentioned type — which is suitable for 

eral purpose tools will be increased to 
rom one-quarter to one-third more tools 

il probably be needed in 1943 than will hav 
ised in 1942. 


\n interesting point picked up in the dis- 


s 
f 


oncerned chromium plating of high 
After a thin electroplate the tool 
empered for one hour at 350° F. for a more 
Some 


ols are reported to have given greatly 


eed t¢ ols. 


; 


dual transition from plate to steel. 
A i 
reased tool life, particularly on light cuts. 
Siandardization of toolsteels and tools will 
sult is many economies as standardization 
ler mass-production lines has effected. A 
in the number of grades of toolsteels 

fo greater mill output and less con- 
Storage. (However, seemingly small 


alterations may change performance 


greatly, and probably necessitate changes in 
heat treating practice as Was pointed out ina 
discussion of toolsteels without vanadium —) 
but standardization of analyses would be very 
difficult at this time, because of the changing 
availability of strategic clements. 

Another approach to the problem will bear 
fruit: A more general use of common standards 
of size and tolerances would avoid frequent roll 
mill changes and result in increased mill pro 
duction. Several customers may require steel 
a given size but one wants a plus tolerance, the 
second a negative tolerance, and the third a 
bilateral tolerance, making it difficult or impos 
sible to run all at one setting of the mill. Yet it 
occurs frequently that these bars are finally 
ground to the same final size of tool! 

Carbides 
presented about carbide tools, not only” their 


The plain 


Considerable information was 


composition but also their design. 
sintered tungsten-carbide tools with cobalt 
binder are used most generally in machining 
those metals producing broken-up chips, such 
as cast iron, together with some copper alloys 
For machining ferrous metals which produce 
curly chips, sintered combined carbides are pre 
ferred; these often consist of tungsten, titanium 
and tantalum carbides mixed with a suitable 
binder, chiefly cobalt, compressed to a con 
venient form and heated until fusion of the 
binder has effected complete coalescence and 
union of the carbide particles and developed 
maximum resistance to deformation. 

The amount of binder alters the hardness, 
strength, resistance to mechanical and thermal 
shock, and to abrasion. With the low quantity 


of binder, from 3 to 5‘ maximum hardness is 


obtained with lowered shock resistance. With 
the highest binder, sav 15‘) or more, strength 


and resistance to impact are greatly increased, 
but at the expense ol hardness and resistance to 
wear, It is not now possible to have both maxi 
mum strength and maximum hardness in the 
same carbide tool. The most widely used tool 
vrades are those with intermediate cobalt con 
tent to give a good combination of general prop 
erties. Present practice is to adapt sintered 
carbides to a very wide use, from swaging and 
cold heading dies, tools for planers and shapers 
and those for heavy intermittent roughing cuts, 
to the hardest grades used for fast finishing cuts 


on hardened materials. 
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Tool Design is a point equally important to 
future development. Current practice is to use 
less back and side rakes on carbide tipped tools, 
frequently both rakes are negative. For heavy 
interrupted cuts, as on shapers, the back rake 
may be as high as 45° negative. These negative 
rake angles increase the lip angle, strengthen it 
and make it better able to withstand shock, as 
well as bring the point of application of each 
new cut back some distance, from the point of 
the tool, where the carbide tip is stronger. 
Negative top rake frequently enables the tool 
to be used without a chip breaker. This saves 
trouble and time in grinding. 

Small nose radii have been found to work 
better on these tools. <A ,5-in. radius is large 
enough for ordinary feeds, while ,'y in. is suffi- 
cient for the heaviest cuts. In grinding the tools, 
extreme care must be used in preventing grind- 
ing cracks. Avoid loading the abrasive wheel 
by grinding both steel from the shank and car- 
bide from the tip. 

A little extra care in the tool room will do 
wonders in increasing tool life. For cemented 
carbides, fine tool finishing may be done with 
120 and 220-grit silicon carbide wheels, or with 
a 220 to 400-grit diamond wheel, to produce a 
surface quality of 2 to 5 micro-inches. For the 
same tool finish, the diamond grit should be 
finer than the silicon carbide grit, inasmuch as 
the diamond points become dulled less rapidly. 
Grinding marks should be parallel to the motion 


of the chips. 


Machinability 


Much curiosity about the m 
NE steels was unsatisfied becaus: 
ence with them has not yet be« 
draw many conclusions, other tha 
ones that no great difficulty is 
enced, but that considerable work 
sary before optimum conditions a: 
for important jobs. This is esp: 
the NE9000 series, recently forn 
which will be pressed into servic: 
possible on account of the fact that 
little more alloy than can be save 
well segregated scrap being remelte: 

A procedure for setting up satis! 
ting practice for the NE steels sugg 
a technical paper on the machinal 
alloy steels at high hardness, wh 
sented before the @ by O. W. Bosro» 
CoLwe._ of the University of Mic! 
paper emphasizes the very great s 
cutting speeds and tool life to smal 
in the hardness of the steel being 
This fact indicates that considerabk 
be taken in the heat treating operat 
duce consistently uniform hardness 
in the region that is to be machined 
difficult to do this with those NE st 
have poor Jominy hardenability, but 
form hardness has been given the pa 
not be difficult to machine them. 


Many comments were heard on t! 


Whereas lit- trend toward the machining of steels at 


tle can be gained in reducing further the alloys 


Inserts and Composite Tools 
and higher hardness levels. For exam 

in high speed steel, many tons of the steel can of 400 Brinell are now being machined 
mercially whereas those of 250 to 300 Bi 
were thought to be the upper limit 


be saved by tipping, or using bits of toolsteel 
and shanks of ordinary steel. Small pre-formed 
pieces of the high alloyed metals may be years ago. 
attached to a shank of medium carbon steel by For mass production the mate! 
be of the proper analysis, structure 
tility, the tool should be of an approp! 


rial, design, shape and finish, the c' 


clamps or by a cement which melts at the hard- 
ening temperature, or by brazing solders that 
melt at about 1000° F. 
tempering temperature of the tips). 


(which is lower than the 
proportioned between depth of cut an 
cutting fluid of correct type, applied 


quantities at low temperature, and 


Tips of 
cast chromium-tungsten-cobalt alloys may also 


be welded to steel shanks. Cemented carbide 


tips are brazed to ordinary steel shanks. Tools speed adjusted to get the greatest 
j 


tipped with cemented carbide now contain much chip removal per tool grind for the 


less critical alloy by weight than solid high of production. It is possible to vary 


’ 


production by more than 100% by 


speed steel tools, so that of two tools of com- 
changes in these various factors. 


parable size, the former type would be the 
Structure Vs. Machinability 


cheaper. Useful standard sizes of bits and 
tipped-tool shanks are now available; in many WoLpMAN’s work was cited as on 
present-day applications excessive amounts of attempts to correlate the structul 


strategic alloys are being employed. specific type of machining operation 
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und best for turning small gear 


ire W 
inks, her for hobbing, a third for planing 


th. In general, however, the auto- 


Ca 

é machinery industries have found 
it low bon steels should be fully annealed 
prest : lamellar pearlitic structure. For 
» steels of higher carbon, a spheroidized struc- 
-e is more desirable, although if a good finish 


, sorbitic structure seems to give the 
but a poor tool life. 

With low carbon steels, it is desirable to 
reak up the continuity of the soft and ductile 
rite. This is done by the addition of small 
»ounts of sulphur, lead or selenium. The 


sulphur, commonly used to produce screw stock, 


rms sulphides which greatly improve the 
achinability. X-1335 steel is a good illustra- 
» of a steel containing manganese sulphide 
hich can be machined at a high hardness 
sirable to resist wear. Silicate inclusions may 
so break up the continuity of the ferrite, but 
ey are abrasive and reduce the tool life. 


Low carbon steels, especially where no alloy 
present and where manganese is low, if 
ichined in a hot rolled condition will produce 
long and continuous chip which is a definite 
sance. Large unbroken areas of free ferrite 
e the principal offenders in this case. As the 
tting 


eas Where the hardness is comparatively high, 


edge of the tool passes through pearlitic 


e material fractures easily. Then, when the 
iting edge progresses to a particle of ferrite, 
tool point is resisted by the soft, rubbery 
ity of this constituent and, instead of frac- 
ring, the material tears and pulls, producing 


rough, ragged finish and long, continuous 


DS 


chips. Analyses which are high enough in car- 
bon so that less free ferrite is present and more 
pearlite are less and less subject to the trouble 
outlined above until a point is reached where 
the reverse becomes true. 

Among the straight carbon steels, those con- 
taining less than about 0.30°0 carbon are espe- 
cially subject to poor machining because of 
softness. Those steels having from 0.30 to 0.45% 
carbon may give somewhat better results, and 
those containing above 0.50° carbon should be 
annealed for machining to produce a suitable 
microstructure. 

For those steels below 0.30°° carbon, a suil- 
able normalizing heat treatment or even quench- 
ing may stiffen the structure sufficiently to aid 
machinability and tool life. Cold working, how- 
ever, has many advantages over any other 
means of improvement, even though the steels 
may be resulphurized to improve machinability. 
A moderate amount of cold drawing is sufficient. 
If the steel is cold drawn to too great a per- 
centage, it becomes too hard for favorable tool 
life. In addition to improving the machinability 
the cold finishing produces close dimensional 
accuracy which frequently avoids much work. 

Structure has a pronounced effect on the 
nature of the chip and on the surface finish. 
Fine grained steels have better hardenability 
and produce a better machined surface but with 
correspondingly lower tool life than the coarse 
grained steels which have poor hardenability, 
produce a poor surface quality but give a long 
tool life. 

The new W.D. 1050 steel with increased 
manganese, used for (Continued on page 922) 
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Non-Ferrous Section 


THE MODESTY OF THE EXHIBITS of the non- 
ferrous industries at the National Metal Expo- 
sition was true evidence of sincerity in diverting 
nothing from the war effort. Most of the famil- 
iar exhibitors of happier years were repre- 
sented, but few showed metals some showed 
items of military materiel, to be sure, little else. 

With the equally commendable purpose of 
acquainting the war industries with their latest 
advances, the manufacturers of fabricating, test- 
ing, and inspection equipment outbid them- 
selves in the number and diversity of devices 


exhibited. X-rays almost stole the show Lhere 
was everything from near-miniature radio- 
graphic and X-ray diffraction machines to a 
giant million volt radiographic tube that looks 
like something from Mars. The emphasis was 
on portable equipment of all sizes. An extremely 
interesting exhibit of micro-radiographs and 
micro-radiographic equipment was displayed by 
General Electric Co. Incidentally, pure beryl- 
lium metal made its initial bow; it is being 
used for X-ray tube windows. 

One of the pleasantest features of the Expo- 
sition lay in the evidence that it gave of the 
rapidity with which machinery and devices, 
formerly imported, have been produced in this 
country. For example: Swiss tvpe automatic 
screw machines, optical devices, and special 
kinds of X-ray tubes. 

New Alloying Method In the course of a 
research that began as a study of the nature of 
inverse segregation, M. L. Samuens, A. R. Evsea 
and Kk. Grouse developed a new and ingenious 
method for making certain alloys that hav 
been otherwise diflicult to produce. Thus: A 
cast alloy having a very long freezing range, 
copper-bismuth or aluminum-tin for example, 
is heated into the temperature range of liqua 
tion in a vessel provided with an opening at the 
bottom. If a low melting metal, such as lead, 
is then poured on top of the partly melted cast- 
ing the liquated phase (bismuth or tin) is forced 
out at the bottom and is replaced by the metal 
(lead) that was poured on top. In this manner 
a cast copper-lead alloy containing anywhere 
from 20 to 80° of lead can be made. Formerly, 
as in the manufacture of bearings, this could be 


done only at the risk of extreme gravity secre- 


Vietal Progress: 


gation or by the powder technique 
broad range of aluminum-lead a 
made when no method has her 
wholly successful. In fact, the 
adaptable to a wide range of alk 
pointed out, however, that it ing 
duces a considerable quantity of 
low melting alloy that may be diff 
pose of and expensive to refine. 
Copper Alloys A compre hens 
the influence of ten alloying element 
alloys of copper, upon hardness, 1 
hardening and recrystallization was 
by R. M. Brick, D. L. 


Where the grain size is held const 


MARTIN and R 


found that solution hardening is 
atomic percentage over a broad rai 
elements and is related in a non-l 
the change in lattice parameter Rat 
hardening also increases linearly 


Anneak ad st 


those exhibiting the greatest harde 


percentage of the alloy. 


the least effective preference in or 
Another study of the mechani 
of copper alloys dealt with the effect 
additions upon tensile strength al 
vated temperatures. The progres 
specimen, through the sequence of 
maximum stress and ultimate stress, ¥ 
ically and humorously likened to | 
of a drunk as he first vields, gets | 
out (all load on the way home) by 
und C. Ferauson, who found that at 2 
C. (390 and 570° F.) the load required 
copper in 1000 hr. is scarcely half t! 
in a normal rapid test. Several of 
agents added to copper in small 
sreatly improve the ratio of short-t 
lime rupture strength, perhaps be 
prevent annealing at these tempet 
this connection it was shown that 
time test the rupture in copper ts 
line, while it is trans-crystalline in 
that retain their short-time strengths 
lime tests. Thus the established coi 
“equi-cohesive temperature” reap] 
alterations and improvements 
Viscellany Howarp S 
Henry L. YeaGitey have devised a! 
method for measuring the actival 
intermetallic diffusion; the method 


to the gold-lead and copper-zine s\ 
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Show. Extensive Use Was Made of Murals 


success For considerably more 
half century the metallographers and 
ilies have been engaged in building up a 
ry of phase diagrams of the alloy systems, 
few diagrams of the high melting alloys 
record. There is great satisfaction, there- 
being able to add another hard-won 
ram to fill a vacaney in this group. FINiey 


Kruincer, in the face of tremendous diflicul- 
s. has outlined the chief features of the tanta- 
bon system and presented a diagram. 
timely paper on the metallography otf 
il magnesium alloys J. B. Hess and 
Gronce described the best methods for pre- 


specimens for examination and gave a 


sof photomicrographs of the typical struc- 
s laner peForest has added another 
sing trick to the methods available for 


surface cracks in non-ferrous castings. 
e of a penetrating fluorescent substance 
ks are visible under ultraviolet light. 


Rare and Precious Metals 


Wartime curtailment of publishable 
is felt in the small number of papers 

: before the Institute of Metals Division 
erican Institute of Mining and Metal- 
ngineers, but the brevity of the pro- 
more than offset by an outstanding 
1 on rare and precious metals. 


lIOrTnIngG session Was opened by nm & 






Dean, who pointed out that our shortage in cet 


tain of the so-called “rare metals” could be 
rectified by metallurgical ingenuity, for most of 
these metals occur in lean deposits somewhere 
in the United States. In South Dakota, for exam 
ple, occur pegmatites with small, but workable, 
concentrations of tin, lithium, tantalum, beryl 
lium and other metals. Some have been mined 
sporadically and can be worked again. 
Substitutes for such of the rare metals as 
have become rarer in war times were discussed 
by W. P. Sykes 


for tin in solders and other uses. 


Silver is a popular substitute 
This subject 
was further pursued by Roserr H. Leacu and 
Joun L. Curistie who described also the adop 
tion of silver allovs for aircraft bearings and 
for the construction of various kinds of ele« 
trical equipment. A. J. Putmiurs recommended 
the substitution of a group of lead-tin-bismuth 
allovs for the binary tin-lead solders. Solder 
was an argumentative subject, and it was 
pointed out that the chief diflicully in applying 
most of the substitute solders derives from thei 
long freezing range, that leads to hot cracking 
from dimensional changes in the work while 
cooling. <A fascinating study of the tarnishing 
characteristics of silver was re ported by W. I 
CAMPBELL. It is a matter of much importance 
to contacts in telepnone equipment. The only 
alloy addition known that materially reduces 
the tarnishing of silver is palladium. 

In the afternoon Kk. Kk. Darrow delighted a 
full house with one of his deservedly famous 
talks on transmutation of elements. He pointed 
out that although all the chemical elements have 
been produced by atom bombardment and 
isotopes, as well, to a total of over 300 only 
helium and mercury have been made in quanti 
ties sufficiently large to obtain a spectrographi 
Oddly, the 
from gold rather than gold from mercury as the 


Although there 


is little prospect of producing commercial quan 


indication. mercury is produced 


alchemists would have had il 


tities of anv metal by atom bombardment, th 
radioactive isotopes of metals produced in this 
wav are already of use to metallurgists in radi 
ography and certain research applications 

Fr. R 


important applications of rar 


Hense. then described dozens of 
metals in the 
electrical industry, for resistors, bi-metals, con 


tacts, magnets, bearings, springs, electron tubs 


parts. Almost every obtainable metal was men 
tioned. Lhe uses of powder Tih tals were also 
interestingly reviewed by ¢ Gy. GrORTZEI Some 

what unusual in a metallurgical meeting was 
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the talk by M. B. Virensky who described the 
applications of rare metals in the glass industry. 


Platinum and its alloys are extensively used in 


handling equipment and many metals and their 


salts are employed for coloring. The symposium 
was brought to its conclusion with a talk by 
H. E. Strauss on time-to-fracture tests on plati- 
num and certain of its alloys. 

Institute of Met 


als’ program also included reports on three 


Constitutional Diagrams 


constitutional studies and three subjects of 


theoretical interest. Phase diagrams of the sys- 
tems magnesium-tin and magnesium-lead were 
presented by Georrrey V. Raynor, of the system 
copper-iron-silicon by A. G. H. ANDERSEN and 
A. W. KinGspury, and of the system lead- 
antimony by W. S. Pevumi and F. N. 


The first of these was in reality a critical com- 


{HINES. 


parison of the X-ray diffraction and metal- 
lographic techniques for determining solid 
solubility limits (the author favors the metal- 
lographic method), the second was an applica- 
tion of an X-ray diffraction technique previously 
developed by the authors, while the third paper 
dealt with a rupture-at-liquation method for 
determining solidus boundaries. 

Brass — The physical properties of 2’ brass 
are of special theoretical interest inasmuch as 
8’ is well known as a super-lattice modification 
of 8 brass and at the same time is a material of 
some technical usefulness. C. S. Smrru demon- 
strated that the hardness of ~’ brass developed 
by quenching from a temperature of complete 
disorder is quickly lost upon standing at room 
temperature. If the material is quenched from 
a temperature of partial ordering, however, the 
hardness is retained for many days. It is sug- 
gested that the change from disorder to order 
(“ordering”) occurs at the upper limit of the ,’ 
range, at least in part and at long range, and 
that this does not so easily revert to short-range 
ordering at room temperature as does the com- 
pletely random structure of 8 brass. 

CLARENCE ZENER eXamined the damping 
characteristics of an a brass single crystal from 
which he deduced the presence of some uniden- 
tifiable inhomogeneities in it. In discussion, 
H. L. BurGuorr pointed out that the well-known 
lineage structure found in cast brass crystals 
might be the inhomogeneity sought. 

The third of the theo- 


retical papers, by L. K. Jerrer and Roserr F. 


Aluminum-Silicon 


Ment, dealt with the measurement of the rate 
of precipitation of silicon in aluminum-silicon 


alloys by a highly sensitive dilatometric tech- 


nique. Both increasing solute conc 
a more rapid rate of quench acce! 
itation. The applicability of nuck 


to this process was discussed. 


War Production Meetin: 


Because of the off-the-record 
War Production Meetings only gen 
be reported. For this the reporte: 
because the discussions covered a 
range and a mass of detail not abs 
the few lines available. Suffice it 
fore, that the meetings devoted t 
and magnesium were mainly given ¢ 
courses in the handling and fabricat 
metals. The bulk of this material 
in reference books and trade literat 

Powder Metallurgy This prog 
designed as a predominantly non-t 
sion, could not be diverted from the 
iron powder. Somewhat facetiously 
of this meeting was sounded from the 
in the comment, “What we need is 
cent iron powder.” It was made cl 
rent thought is mainly in the d 
producing a better and cheaper elect: 
powder in large quantities, to repla 
imports from Sweden and to prov 
rapidly expanding demand. 

The meetings on tin and on 
metals were closely related, inasmu 
dealt with means for conserving ti 
using tin-bearing scrap in the most « 
Ways. With the conservation measure 
effect the tin supply is adequate, but 
tion in these measures can be perm 


} 


urged that non-ferrous foundries us‘ 
purity secondary alloys wherever at al! 
in order to utilize the relatively larg 


t} 


secondary lead-bearing tin alloys; U 


in particular to bronzes where the lin 


lead content might well be raised. 
scrap now being collected can read 
into brass (and so-called “bronze’) al 
with a tin-lead ratio of one; shortages 
expected if alloys with lowe 

demanded. In many places the | 

Another py 


remembering is that in substituting 


alloys serve excellently. 


bronze for other alloys requiring 
amount of high grade No. 1 coppet! 
very often unnecessary to strive fo! 
physical properties commonly asso‘ 


the best of the manganese bronzes 
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Recruiiing and Training of Inspectors 
By Leroy L. Wyman 

NDAMENTAL THEME Of the entire pro- 
cruiting, training, and handling of 
spect f metallurgical material was appro- 
tel scribed in a few fore-words to the 
Tect t production of large quantities of war 
terials without adequate quality control will 


evital result in great waste, and inasmuch 
; quality control is a personal thing, it must be 
ssured that further waste is not hazarded by 
lilizing improper personnel and _ personnel 
ining methods. 
Recruiting of inspectors today is primarily 
e function of the Civil Service Commission, 
nce most of them are Civil Service employees. 
lowever, the several war agencies, including 
e Ordnance Department, provide or suggest 
olential personnel to the Commission. After 
vestigation and examination, the Civil Service 
ommission approves or rejects the appli- 
its for this work, the successful ones being 
mploved and trained for the particular posi- 
nm awaiting them. 
Due to existing conditions it must be real- 
d that there are now very few people having 
dequate education and training available for 
s work, consequently this personnel must be 
osen on the basis of a reasonably good educa- 
mal background coupled with an inherent 
lertness, clear eyesight, and ability to absorb 
training methods now employed. Further- 
re, the matter of permanence or tenure for 
he duration becomes a factor of considerable 
mportance; thus inspectors must be drawn 
im the available women and older men. 
Experience already gained in training 


spectors of metallurgical processes and mate- 
ils has definitely shown that it is not feasible 


take these trainees who represent an aver- 
se cross section of American citizens and 


em solely in inspection methods and 


‘erpretation. The weakness in such procedure 


self-evident because an individual so 
s working blindly and cannot intelli- 
pply the testing methods or interpret the 
| his observations, nor can he meet the 
ilities inherent in his position. Such 
on would waste both man power and 
ind can only be corrected by adequate 


ning. 


Convention Report 


For inspectors on this type of work it is 
essential that they be given some fundamental 
training in the structure and behavior of metals 
and alloys from both the theoretical and prac- 
tical standpoints. After having learned these 
fundamentals of metallurgy, the trainee can 
more readily understand the reasons for the 
various tests employed and also realize the 
sources of trouble which lead to rejected mate- 
rial and the proper corrective measures to be 
suggested. 

The actual program for this kind of train- 
ing is being worked out in several different 
ways, one of the most prominent being the 
“ESMDT Training Courses” presented as eve- 
ning classes at many of our colleges and uni- 
versities by the cooperative effort of the U. S. 
Department of Education, the school staff and 
plant, frequently supplemented by an instruct- 
ing staff consisting of industrial experts. 

A highly successful method of training ts 
known as the “cooperative plan”, in which the 
trainee is given the more practical aspects of 
the training program on the job, in the plant, 
by combining practice and lecture periods, while 
the formal and theoretical background is pro- 
vided in the facilities of neighboring technical 
colleges during evening class sessions. 

Textual material for presentation to classes 
of this tvpe presents a major problem, for as 
was repeatedly emphasized, these inspectors 
must be trained in a mimimum of time and the 
total training must adequately cover all of the 
important factors which would ordinarily be 
spread out through several years of normal 
schooling. Some special text-books have been 
prepared with this type of training in mind. 
Existing texts dealing with the metallurgical 
fundamentals are usually too exhaustive and 
require too much supplementary information, 

This subject matter must likewise be pre- 
sented in a manner which is not only interesting, 
but the correlation with the practical applica 
tions must be repeatedly emphasized. Experi 
ence has shown that presentations of this kind 
can best be made by an instructor who is or has 
been actively engaged in the practice of the 
metallurgical profession 

The use of women as inspectors is increas 
ing at a rapid rate, not only because of thi 
greater number of the fair sex that wish to do 


this work, but also because it has been found 
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that when sufficient care is taken in the training inspection force divided into sections 
program to present the subject matter in such clalizing in a particular type of work 
manner as will enable the women to get it, the vised by an expert in this particula 
results are surprisingly good. Teachers must inspection staff organized in this ma 
fully realize that women trainees are quite only works with greater efliciency, 
unfamiliar with technical methods and termi- permits of out-of-plant inspection 
nology and care must be taken to provide for tractors’ factories with greater ass 
this deficiency adequately. Ordinarily, women satisfaction. 

do not have as much aptitude for this kind of In all of the discussion cone 
work as do the men, and those who do, have it inspection personnel and its training, 
in an undeveloped state, because thev have lion of the permissible latitude of 
lacked the opportunity. However, women with was repeatedly brought forth. This 
an inherent aptitude are more conscious of the idequately answered in terms of ser 
fact that they are quite lacking in knowledge of formance, for only that latitude of 
technical matters, and are therefore more sus from the “perfect” may be utilized 
ceptible to training. still guarantee that the accepted pros 


Those positions where the work is highly vive satisfactory service performances 


repetitive prove quite favorable to women. Probably more latitude is used in s 


Studies of job fatigue of men versus women on than in variation from a specitied stand 


repetitive work have shown that women will it is in the former the unconscious er! 


retain jobs of this type up to nine times as long be made, resulting in dangerously larg: 
as a man! For such reasons women are relied of poor material being accepted be 
upon for gaging operations and similar forms sampling methods were too meagre 


of visual and dimensional inspection. the reasonable probability that faulty 


The handling of large staffs of inspectors will be found and rejected. In either 
presents a major problem in organization of the use of the permissible latitude 
because of the wide diversity of the kinds of tant factor is the availability of a 


work which must be performed. This is han quantitv of war products having amp 


dled with the greatest efliciency by having the to do the job that lies ahead 
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Points of Theoretical Interest 
Malcolm F. Hawkes 
Fewrk TECHNICAL PAPERS and added empha- 
tical considerations at the recent 
National Metal Congress in Cleveland attested 
» the fact that most metallurgists have been at 
business of winning the war of pro- 
lu wr the past vear. However, those who 
vere able to attend at least a few @ or A.LM.LE. 
sessions found that excellent theoretical 
esearch has not been stifled entirely. Evidence 
for this fact could be drawn, for example, from 
he & session on molybdenum steels. Here the 
eed was established for correlation of data on 
he several crystallographic processes governing 
istenite transformation and the hardenability 
f alloy steels. A start on this problem was 
jade in a series of three papers on related phe- 


mena in molybdenum steels. 


oes, 


In the first of these, Bowman, Parke and 

nG point out that knowledge of the distribu- 

of alloying elements in alloy steels between 

te and carbide is of prime importance when 

. sidering the rate of growth of pearlite and, 
ce, hardenability. As pointed out in discus- 

residue analysis methods used heretofore 

this purpose have not vielded data reliable 

sh. Therefore the new method suggested 

the authors will be of interest to workers in 

s field. They have demonstrated that the lat- 

parameter of ferrite varies appreciably with 
entration of dissolved molybdenum. This 
lect is great enough that X-ray diffraction 
surements of ferrite in pearlite will serve to 

uit ermine the concentration of molybdenum in 


; 


s constituent; molybdenum in the carbid 
's is obtained by difference. 

ln another paper of this series, Ham, Parks 

| Herzig have determined the effect of molyb- 

im on the rate of diffusion of carbon in 

: stenite. Although the effects of nickel and 

ganese have been determined before, this 

lirst work of this nature that has studied 

stre carbide-forming element. The diffu- 

licient was shown to vary with tem- 

n such a way that molybdenum 

ses the rate of carbon diffusion at tem- 

thove 2000° F.. and decreases it at 

peratures. On a simple theoretical 

SIS iuthors show that the calculated 

n diffusion rate does not explain the 

d effect of molybdenum in decreasing 


Report 


the rate of formation of pearlite (or its equiva 
lent, increasing hardenability). As was brought 
out in discussion, however, the precise relation 
between the rates of diffusion and growth is 
probably extremely complicated. 

With the third of these papers, BLANCHARD, 
Parke and Herzig extended their reports on 
S-curves for molvbdenum steels into the range 
of hyper-eutectoid carbon contents. They have 
added to the evidence that two different nuclea- 
tion and growth processes are responsible fol 
the formation of pearlite and bainite, respec 
lively. Molybdenum suppresses the rate of the 
former process to a much greater extent than 
the latter, and this surprising effect produces 
the “second knee” in S-curves for molybdenum 
steels. Pearlite spacing was shown to increase 
with molybdenum content. One commentator 
said that this usually appeared to be true for 
alloving elements that increase hardenability, 
while the reverse is true for cobalt) (which 
decreases hardenability by increasing the rate 
of formation of pearlite). 

Another  ] session 


threw light on the very fundamentals of hard- 


> 


Austenite Formation 


enabilitv, namely, the mechanism of forma 
tion of austenite, its initial grain size, and its 
homogeneity. In two papers, DigGes and Rosen- 
BERG presented data on austenite formation and 
srain size in 0.50° carbon steels and a high 
purity alloy of similar composition. They found 
that pronounced grain growth on heating 
between Ac and Ac overshadowed the influ 
ence of nucleation rate on austenite grain sizeé 
above Ac. but that the initial structure before 
heating had little influence. This grain size 
appeared to be smaller in the pure alloy after 
slow rates of heating. while rate had little effect 
in the commercial steels. Rosnerrs and Ment 
also presented quantitative data on rates of 
formation of austenite at constant temperature 
Summarized in a plot analogous to the S-curve, 
the data show that austenite is formed at a con 
tinuallvy increasing rate as the temperature 
increases above A, but that much longer times 
mav be required to eliminate residual carbides 
and carbon concentration gradients than one 
might expect. Finely dispersed initial struc- 
tures led to faster rates of formation of aus- 
tenite and finer initial austenite grain siz 
Quantitative data on relative rates of nuclea 
tion and growth were used successfully to pre 


dict the fracture grain size of austenite 


November. 1912: Page 895 








Transformation of constant temperature in the rang: 


. e ‘ " ‘ ‘ ed ( 
Highly Alloyed Austenite amoun' less than about 30 m 
formed causes the gradual formati 


The @ session on toolsteels produced much hour or so, of 2 or 3% bainite iy 
data to supplement our growing knowledge of adjacent to martensite plates; lo: 
the behavior of austenite at subcritical tempera- produces a somewhat faster reacti 
tures, and at the same time, it provided a wealth throughout all the untransforme: 
of practical information necessary for the However, in all temperature ranges 
proper heat treatment of tools. Payson and reaction eventually slows down. T! 
KLEIN presented a collection of S-curves for tool- amount of bainite that can be for 
steels ranging from the plain carbon grades to anv conditions within reasonable | 
18-1-1 high speed steel. (It will be noted with DO this is at about 500° F., whic! 
pleasure that the papers in this session ushered perature of the second knee. This 
in the extensive use curves prepared in such a of how to exert wide control over 
wav that they depict accurately the complete constituents formed during heat tr 
story on the temperature range for martensite to many queries as to correspondii 
formation. However, the number of terms cal properties. No data are yet ava 
used to designate various types and shapes of are expected in the near future. 
“S-curves” is increasing in direct proportion to ZMESKAL and CoHen studied thi 
the number of papers published!) The authors of high carbon, high chromium steels 
demonstrate that, before tempering a quenched ticular emphasis on the kinetics of d 
toolsteel, it should be cooled to a temperature tion of the large amounts of austenit 


low enough to get complete transformation of on quenching. In the range of cooling 


> 
; 


austenite to martensite (or at least as low as ducing martensite plus retained aust 


possible without cracking). High heat treating proportion of the latter increased as t! 
temperatures were shown to lower the tempera- cool from the hardening temperature d 
tures required for transformation to martensite. and also as the hardening temper: 
A spirited discussion arose between adher- increased. Rates of decomposition of 


during various isothermal tempering 


ents of this paper, which reported about 20° 
austenite retained at room temperature, and were depicted on curves analogous to 
those of Gorpon, CoHEN and Rose, who reported S-curves, which show extremely sk 
about 2° retained. The last group of authors below 300° F., increasing to a maximum 
made an exhaustive study of austenite decompo- to 600° F., and then decreasing to ext 
sition in “I8-4-1" and also “6-6-2” high speed slow rates again at 700 to 800° F. Above 
range, the rates gradually increase and 
at 1200 s 


steels subjected to a variety of subcritical treat- 
ments. These steels behave very much alike; almost too fast to measure 
likewise the general nature of their “S-curves” rates of transformation of retained 
agreed with the other investigators’. are decreased by increasing the hard 
Many interesting behaviors were found on perature, but are not affected materially b) 
various interrupted treatments. As hot quench- of quench from that temperature. Holdi 


ing temperatures are raised above 1100° F., the tempering temperatures for longer and 


danger of precipitating carbides or of forming times, even though those times are too s! 
“peartite” is continually increased. Hot quench- any decomposition of the retained 
ing and holding for any length of time in “conditions” that austenite for fastet 


the range 1100 to 700° F. decomposes no aus- mation on subsequent cooling that is 


| 


if 


tenite. On subsequent cooling, however, if the an increased tendency for part of 
holding temperature is within 1000 to 1100 form to bainite at 500 to 600° F. ins! 
I. a split transformation occurs that is, some martensite at 300° F. and below. 
bainite forms at about 500° F., before the mar- Hardenability Test Phat the t 
tensite reaction occurs. Long holding times testing for hardenability is still of gr 
and higher holding temperatures within the to ASMembers was shown by the s! 
1000-1100" F. range increase both the tempera- empty seats at sessions on this sub] 
ture at which this bainite starts to form and the papers on the Jominy test, Hitt showe: 
amount formed, and produce just the opposite quite necessary to avoid scaling the 


effects on the martensite reaction. Holding at specimen in order to get reproduc 
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1D 


minor test conditions exert little 
le suggests a method by which the 
v of large numbers of steels can be 
mply and economically. It makes 
bers representing intercepts and 
ree straight lines which approximate 
rtions of the Jominy curve, its begin- 
ep part, and the tail-off. 
iper on the effect of individual 
ments on the hardenability of hyper- 
eels, Austin, VAN Notre and PRATER 
n general, the findings of Gross- 
ever, instead of finding the diameter 
ble bars to increase as a straight line 
per cent of alloying element in the 
s, they find this increase slopes off 
very start. In contrast to GROSSMANN, 
hromium to be somewhat more effec- 
manganese. 


the GROSSMANN method for calculat- 


as La 


> 





ing hardenability from composition, JACKSON 
and LurHer showed in a paper presented before 
the A.I.M.E. that weldability of carbon and low 
alloy steels can likewise be predicted. Chey 
establish a correlation between calculating criti 
cal diameter and the load observed at failure 
of many V-notched slow-bend specimens 
Another method of calculating a mechani 
cal property from composition was presented 
by Watrers to the Iron and Steel Division, 
A.LM.E. His studies on the tensile strength of 
normalized medium carbon allov steels have 
resulted in factors (similar to GrossMANN’S 
hardenability factors) to be multiplied by a 
base tensile strength in order to calculate the 
tensile strength of a steel from its composition 
At another A.I.M.E. session, HaLLey showed that 
the effect of tin in steel can be estimated in the 
same type of calculation by assuming its effect 
to be similar to phosphorus but only one-fifth 
as potent. In this timely 
paper on the effect of tin 
on the strength and duc 
tility of plain carbon 
steel, some metallo 
graphic evidence is 
presented for grain 
boundary precipitation 
in steels high in tin. 
Austin has isolated 
the effects of several 
other alloving elements 
by studying the hardness 
and response to heat 
treatment of high purity 
iron binary alloys. His 
paper, read before the ©, 
confirms experimentally 
the generally accepted 
view that lattice distor 
tion by solid solution 
causes increased 
strength Evidence is 
also presented to show 
that the greater the dif 
ference in atomic radius 
between the added ele 
ment and alpha tron the 
creater the hardening 
effect will be 
lron-Mangqanese 
l//ous PROLANO and 
MeGume presented the 
results of a careful study 


on the iron-rich portion 
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of the iron-manganese binary phase diagram. md Grant also offered a new ex 
They showed that the -e reaction and the technique to the @ steelmaking 

reaction usually observed are reactions of determining heats of reaction at 
the austenite — martensite tvpe and the products temperatures. Using an induction 
obtained are supersaturated with respect to high temperature calorimeter, the 


manganese, Painstaking annealing and working the heat of solution of liquid sil 


operations were used to induce the a trans- iron at 1600" C. to be 29,000 calo: 
ittom of silicon 
Other A.LM.E. sessions brought 


interesting work in this field. Zap) 


formation to occur under “equilibrium” con 
ditions, and when determined in this way, the 


limits of the a and the a fields were found to 
lic at lower manganese contents than previously have studied the silicon-oxygen eq 


reported. In discussion, it was brought out that, liquid iron by controlling the actiy 


for this same reason, many accepted phase dia through the use of a H:H.O atn 


grams for metal systems may show solid solu known oxygen pressure in equilib 
bilitv limits that are much too high liquid iron. After the silicon-oxy 
lhe martensite tvpe of reaction was also rium was established the metal yw 
discussed by Sykes in a paper on the Ar range quenched and analyzed for sili 
in iron-cobalt-tungsten allovs. An allov contain shown that neither total oxygen 
ing Co, 17 W, 53 Fe was shown to nor silicon concentration of the n 
decompose from lo am on cooling, starting al used as terms in a true equilibri 
for this system. Instead of us 


975 and ending at 660° F. Additions of chro 


mium depressed the range considerably. “activity coeflicients’, the authors 


data will fit an equilibrium constant 
based on the reaction 


Physical Chemistry of Steel Making 
FeO + Si0OSi0 1 


the rapidly ind then present further evidence 


hose interested primarily mn 


advancing science of steelmaking were served a the existence of the hypothe tical com] 


treat at the Campbell Memorial Lecture in In another paper Zarrre dis 


Which JouN CuimnMan summarized in plain causes of bleeding in killed steels 


words his extensive studies on the thermody (this refers to the late rising or 
hamics of liquuid steels and slags. Ordinarily exudation of solidifving castings 


the Memorial Lecture is summarized in Metal the carbon-oxvgen reaction plays 
Progress, but since it will be printed in full in Hydrogen, which may be picked up | 


Transactions next month, the full flavor of its ture, was shown to be the chief offendet 


fascination should there be tasted. it can dissolve in large amounts in 4d 
Parts of this work were expanded els liquid steels but is only slightly solub! 


where, such as at the A.LM.E. session on phvsi ferrite. A spirited discussion arose ov 


cal chemistry of steelmaking. Here Taytor and or not accessory bubble formatior 


CuimrMAaN described the results of slas-metal sary to initiate the violent hydroge 
experiments inp a rotating induction furnace md over the use of alloying elements | 
which prevented reaction with the crucible bleeding. Steels which can be mad 


walls. In this way they were able to extend directly to austenite are less tro 


measurements of oxveen solubility in steel and because austenite has a much higher 


leO activity in slag into systems with verv low than delta ferrite for hydrogen. In Il 


lime-silica ratios. Activitv measurements devi high chromium steels made with 


ating from Raoult’s law were explaines ry the ferrochromium were showin to 
S | 


assumption of a double molecule (2CaQ-SiO.) nitrogen bleeding, which can be « 


and a compound CaQ-Fe.0,. A new method for a nitrogen stabilizer such as titan 


representing the solubility of oOXVgen in liquid In another timely paper, direct 


steel under these three component slags was of iron ore was treated by Upy and | 


presented, wherein iso-oxvgen lines are plotted the all-important standpoint of rat 
ter Thev reduced magnetite concentrates 


L308 lI .. the process Ol 


against a simple basicity ratio. Usually a 
nary diagram has been used Their improved hvdrogen al 
liquid metal sampling device should also be the particle surface and proceeding 


noted by those doing similar work. Cur an variation of their (.0 
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emelting reclaimed tin cans means that the steel metallurgist 
mething about iron-tin alloys. Likewise the heat treater, 
ently concentrates on scaled steel surfaces. This recent 


prepared for the next edition of the  ] Vetals Handbook. 





Ne ence 


Constitution of the Iron-Tin Alloys 





PLETE CONSTITUTION of yy O. FE Ror designated by area OEFSQ the « 
a tin alloys has not yet Ry pound FeSn(?) is” believed 1 bye 
ely established, although formed fr the Fe.Sni liquid 
vn in Fig. 1 has been thus resulting 1 FeSn(?) + Sn-rich 
esent the present stat liquid. Below 496° C. (92 I thr 
based mainly on the ( pounds and « stituents formed 
irds and Preece’, with stituent thought to be the « round have bee re definitely established 

d additions by Ehret Fe.Sn. From 51 to 9 Sn the same d are as shown in the diagra 

Jones and Hoare*®, compound is formed plus a Sn-rich For enient reference a 
teinecken*, and recent liquid. At temperature O (800° C, lied for chart by Hedges and 
et and Gurinsky (see or 1472" | these ¢ | ents react H er is shown in Table I, } e 900, 
ge O04). peritectically to for What Is hie red s rked off by the 
dded to iron, the believed to be FeS Betwee broken lines in Fig. 1, indicates that 
: Fig. 1 falls rapidly ipproximately 51 and 68 » na vith tin present the tate is | ited 
ting point of iron, 1535 from 800° to 760° C, (1472° to 1400 d the positi f the thermal crit 
2 to 1110° C. (2030° F.) F.), area MOPN, two phases are cal points ill vy with the pr 
The alloy solidifying thought to exist « sisting of centage of ti Although k vledae 
54 { composition con Fe-Sn(?) and FeSn(? Withi thi is verv limited ¢ cerning this ] { 
i solution of tin in compositi range ft 6S up t 7 f the diag it is likely that if 
solubility varies with to 9% Sn and a temperature 1 mg ver 1.9 f ti Ss present 
re following the line of 800° to 496° C, (1472° to 925° I o] er formed. With viven 1 


portion of which has 
tely determined. The 

tal fro 51 to SO Fig. l lron-Tin Equilibrium Diagram of Ledwards- Preece 
Vodified to Harmonize the Most Reliable Researches to Dat 
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Table I— Principal Data on Fe-Sn Diagram tion Thev did 





possible influence 


TEMPERATURE COMPOSITION 


°C F TIN) iron, but it was sugeg 


morphic transfor 


51 to 80 transformation temps 


2030 Liquid B= Liquid C 
Sn?) 17.5 to 96 iron might rise with 


1652 Peritectic; Sn-rich Liquid = Fe 

1472 Peritectic; Sn-rich Liquid + Fe.Sn(?) == FeSn‘? 51 to 98 They found no variat 

1400 Fe.Sn(?) —2FeSn‘?) 10 to 68 ' ' 
925 Peritectic; Sn-rich Liquid + FeSn(?) <2 FeSn 68 to 99.5 netic transtormatio 
450 Sn-rich Liquid=Sn + FeSn 80.96 to 100 containing up to 20 
55.8 | White Tin=@Grey Tin 100 Wever and Reine 

255 8 y state in iron marked as an approximation 

2554 {Region of 7 state in iron marked off as an approximatior quite different conc} 

1663 )Outside this area, 7 iron supposedly does not exist 

1416 Magnetic change of iron not appreciably affected by Sn years later, although 





(Fig. 3) is quite si 








respects to that of | 


content, the positions of the transi Sn) and formed a compound. It is Thev denied the exist 


tion points fluctuate with variation designated as FexSny in the diagram; miscibility in the liq 


of carbon even when present in very due to marked segregation encoun they found no segregat 


small amounts. Thus it would be tered in many of their alloys, they was rapidly stirred 


expected that the position of thermal were dubious of tts formula. The However, Ruer-Kuss 


critical points in steel containing arrest at 780° C. (1436 KF.) they pared an alloy conta 
small percentages of tin would likely viewed as a polymorphic transforma- from pure tin and el 
vary considerably, depending not tion of this compound which exhib- using a porcelain § tubs 


the tin but also on the cat ited a fairly significant maximum at carbon absorption 
10) Sn (Fe.Sn would contain 41.47 atmosphere to avoid 


only on 


bon content. 
Sn) At 496° C. (925° F.) they sup other contamination. 

Historical Development posed that either another polymor- heated to 1400° C. (2 
phic transformation of the compound = ward stirred at 1300° ¢ 

For those interested in the details o¢eurred or that the compound — and allowed it to cool i 

of development of the iron-tin con reacted with the tin-rich liquid to separation of two laye 


stitution diagram, its history is here 





briefly discussed, considerable 
dependence being placed on the 
writings of Hansen’. 

Early investigations indicated the 
existence of numerous intermetallic 

' Liguid'+ 
compounds, such as FeSn (Berg \—+ Solid Solution 
“Ne 


mann and also Berthier’, Fe.Sn 





50 % Sn 
(Lassaigne”), FeSn (Deville and 
Caron"), Fe.Sn, (Berthier’), FeSn 
(Nollner"), FeSn (Spencer’), and 


> 


FeSn. or FeSn. (Rammelsberg"®). 


Ve) tin) i sf), 
r 
Solution +Ligui 








Hleadden indicated that besides 
Fe.Sn, FeSn and FeSn. the com 
pounds Fe.Sny, FesSn,g and FeSn were 





ol aieheheietestes Anuhech aheniaaentienten 


formed. Later work indicated that 


with the exception of FeSn, there ts 


no certainty of the chemical entity 





of any of these 
Isaac and Tammann conducted 


the first systematic thermal and 


ae ene 








microscopic study of this” binary 


alloy system and Fig. 2 shows thet 


diagram. On the basis of the thermal! 
arrest noted at 1140° C. (2084° F.) hig. 2 1907 Diagram of Isaac and Tammann, the ! 
c, 


they assumed the solubility of ire Based on Systematic Thermal and Microscopic ti 
in tin to be about 19 it all lower 
temperatures. Since with alloys con form a compound still richer in tin each layer contained 
taining 0 to 90 Sn, two fluid layers (designated as FenSno in the diagram, rich globules Fro 
were found to separate” prior to — but perhaps FeS ntaining 80.96 cluded that stratificati 
solidification, they concluded that a Sn). The re of the liquid when the alloy was | 
region of incomplete miscibility solidified at pro. utely 228° C. condition, 

existed in the liquid. state. Phey (442° F.), surmised that a Considering all 
eutectic mi st, which, if FeS: of 18 to 48 Sn, Wes 
reach ecken concluded that the 


Sn fol ed at 1132 { 


assumed that the solid solution, 
which first separated, reacted at 893 was actually pres should 


C. (1639° F.) with the liquid (96 equilibrium only at this concentra br 
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tectic reaction. They 
e for the assumption 
he primary compound 
vs of higher content 
Sn was converted at 
i° F.) to a mixture of 
and that the Fe,Sn 


ining decomposed at a 


4 


temperature into iron- 
ition and FeSn.. They 

rat FeSn,. rather than 
went polymorphic 
780°. 755°, and 490° C. 
ind 914° F.), and that 
iining was practically 
hey found the solubility 
at 1132° C. (2070° F.) 
18°-, decreasing with 
perature, but the exact 
its were not determined 

the effect of carbon on 
ty of tin at the lower 
An alloy with 12.4% 

d to retain small quanti- 
Sn. after long heating and 
«, and these investigators 
believed that this tin-rich 
is FeSn.. 
eir results did not clearly 


According to 


t the iron-rich compound, 
believed was_ probably 
poses at 890" C. (1634 

phase and FeSn.. 
ind Reinecken, using 
ibout 0.015% CC. con- 
e experiments on the 


ill percentages of tin on 


ar 


OF 





1400 


S 





2000 


























Ss 1000 B- rh 
~ iv! 
e ¥ 1600 
3 800 't 
© 2 j iW 
1A t+h4 ; J 
8 600 —| a 200 
' ! 
iS ' 
400 IR SQar~—a—saa~~°_aa»7 Rang 690 
; ; \ 3 Y, FeSNe+Liguid 
200 RSE BA VVVBRQ QA —__ | Popo, 400 
BQ Qa AANN FeSno+8n 
O BSN N } t N ANN } v7 


0 20 40 


60 80 100 


Weight % Sn 


kig. 4 


and Westgren on Quenched and 


point was raised about 40° C. (104 
F.) and the y= transformation low 
ered about 140° C. (284° F.). With 
tin above about 1.9% the transition 
point y=—s appeared to be missing. 
Therefore they have designated by 
broken lines the area of tin concen- 
tration and temperature range where 
the y transition occurs. Outside this 
area no transformation occurs, since 

and 6 are now identical. Hansen’ 
also states that carbon in the iron-tin 
alloys has a considerable effect on 
the position of the transition points. 
For example an alloy with 1% Sn 


and 0.049% C has a vy transition 
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Results of \-Ray Diffraction Studies by Ehret 


Powdered {llovs 


a carbon-frec iilov has a region 
narrower than shown in Fig. 3 
Wever and Reinecken checked Isaac 
and Tammann, that the magneti 


transformation point of tron ts not 
affected by the presence of tin. 
Edwards and Preece’ ce velope da 
phase diagram in 1931 using thermal 
and microscopic methods, which is 
in most essentials the same as Fig. 1. 
rhe main differences are as follows 
(a) Figure 1 shows the solubility 
of Sn in Fe increasing along the ling 
iil to 900° CC, (1652 F.) while 


Edwards and Preece show a cor 


tinuing increase in solubility to 760 
C. (1400° F.), with a maximum solu 
bilitv of 180% at 760° C. (1400° F.) 
rather than 17.5 at 900° C. (1652 
I.) Accordingly, at 760° ¢ (1400 
F.) the solubility is shown as about 
10 as found by Ehret and West 
gren’ and later confirmed by Ehret 
ind Gurinsky (See appendix) rather 
than the 18 shown by Edwards 
and Preece 

(b) Also in Fig. 1 we have aflixed 
1 (?) after all compounds except 
FeSn,. to indicate some uncertainty 
is to their being definite intermetal 
lic compounds. Edwards and Preece 
disagreed in many respects with the 
conclusions of Wever and Reinecke 
the rm recent investigator 
quenched samples for their micro 
scopic examination from the various 
regions after suitable heat treatment 
Phey determined that a region 
limited miscibility was present i 
the liquid state, which was also ce 
firmed by B ister hese investi 
itors also questioned the existens 
of the ¢ 
by Wever and Reinecke ind al 
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shown in agrees 
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phases, stable il 
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finding 
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further 1 
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require a 


in this conclusion 
appeat 
results of Eht 
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and 40 Sn, 
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is found 
Sn atte 
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Ni-As 
rresponded = there 
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phase Wi 


27, 39, and $1 
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to 1652° F.). It 
structure 
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50 to 900° ¢ 
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this con 
ot 
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necessary 


fall the 


Is Iposi 


tion in gion homo 


es ~asxrOct=at.~ 
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per hase box » 


and (b 


Ni-As 
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ho 
composition ol 
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eS! ind Wa 
with fi 
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photograms i 
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that iron 


positions 
pure tin, it 
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with 
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netallic 
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examination in 
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/ rogress: 


Charcoal Tin Plate; 
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Cross Section of Coke Tin Plate. 
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Cross Section of Coke Tin 
Tin at 330°C, 


en Immersed in 
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Double etched as in Fig. 6. 


+} 


e difficult to follow 
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lolten 


by 


st. It seems probable 


reful work is required 


divergence of 


results 


is to the true constitu- 


irv alloy 


Commercial Importance 


ind 


of lron-Tin Alloys 


ed 


rhe Je 


| dipped 


\ 


itest 
the 


pr 
iron-tin 


system. 


esent 


alloys 


ecurrence of an alloy 


plate 


melting or 


nation of 


Ol 


( 


tit} 


plate, or 


which has been 


soldering. 


observed from 


irom 


cCTOSS 


St 


micro 


cross sections 


‘clions 


cans Is the compound 


9 Shows a photomicro 


diameters 


ot 


a 


Cross 


ke grade, hot-dipped tin 


a 


( TOSS 


Section of Electrolytic 


lverage weight of coating, 0.57 lb. per base box. 





o S 


Hohich 
625 °F. 


Vagnified 2500 diameters 


Had 


for 5 


Plate 


plate with the constituents desig 
nated. Various chemical analyses of 
this alloy made by stripping off the 
tin and then dissolving the alloy 
have vielded results approximating 
SO.96 Sn, the theoretical composi 
tion for this compound 

From the diagra one might 
wonder if a layer of the compound 
FeSn were present. However, as fat 
is the writer knows, no indicatior 
of such a constituent has been found 
either on charcoal plate, Fig. 6, o1 
on coke plate which has been heated 
for a considerable length of time at 


temperatures slightly below the m« 


ing point of tin’. Results of chemical 


and microscopl inalvses indicate 
that only one compound, FeSn,, is 
present in the alloy laver when sheet 
steel is immersed in molten tin for 


relatively long periods of time 


Tin Plate Subsequently 


Double 


in nitric acid and hydrofluoric acids in amyl alcohol. 


b) 9% picral to reveal FeSnz alloy. Magnified 2500 diameters 


Oe egret ge ae et a 


ae te 


eo 
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Figure é represents cross sec 


tion of coke tin plate which had beer 
immersed in ten tin for o hr. at 
O° Cc. (625° | ind shows clearly 
developed FeSn, crystals, some of 
which drop off and form dross in the 
ti pot Except for thickness, the 
iron-tin alloy layer elted elec 
trolytic tin plate does not greatly 
differ 1 ippearance ft that of 
coke grade hot-dipped plate (cor 
pare Fig. o and 8) Since compara 
tively low temperatures are used 1} 
hot-tinni ol nelting of electr 

2A t M4 ( 


tinned coatings 


(4,0 to boll l ) it 18 probable is 


concluded lioare that the cor 


ception ol i Te dary co pound 


containing a greater percentage ol 
iron than FeSn, lying 1 ediately 
djacent to the steel base 1s not 
iimissible in the case f any hot 
dipped tin coatings prepared below 
196° C. (925° F.) 

\ knowledge of the constitutional 
liagra iv be of some value in the 
treatment of Ui drosses formed i 
ti pots and hich are treated t 
reclal tin. Difficulties 1 dros 
treatments iv be i ciated with 
the for ition of some of the ce 
pounds or constituents sh in Fi 
| ithough this probl is cle 

ore complex by the possible pre 
ence of zine from the zine chloride 
fhux 

With the present serap shortage 
steel ikers will receive uch ti 
plate scrap for remelting lin thee 


process of detinning such serap, it} 
diflicult to remove the last trace { 
the tron-ti illoy FeSi ind thus 
contamination of the steel with U 
iv result The ti present i 
double-seamed ends and the soldered 
oint of the body sea of the tin cat 
iv also be difficult to re ve ma 
thus ore tt is added to the teel 
elt. Sines is indicated in Fi l 
tin is soluble in iron to the extent ol 
yor 10 its presence 1 itl 
unts i\ t be detected by the 
icroscope howevel it iv be 
determined by chemical or spectre 
copl ethods. Rarely is suflictent 
tin plate scrap used in the charge t 
vield steel with a uch as 0.00 
Snin the 1 t, even assum Lut 
recovery Fhe amount f ti pel 
issible |} teel ithout ha vill 
depend tude is to its ellect ¢ 
rai hot r cold rolli heat 
treatment, final fabricats { the 
finished steel product dosoulti ite 
perio mee service 











For FeSn, a . 4 41.442 cated below 760° ¢ 
( O.S40 decreasing consider 
For vy (Ni-As structure), 2o0 irea KJINPQR in Fig 


Shortly after preparation of this , D200 A; Co/do = 1.231 icknowledgment 


Appendix 


inuseript, a paper entitled “The For FeSn., identical with those wishes to express 
Phermal Diagram of the System Iron reported by Ehret and Westgren. H,. Rowland and D. |] 
lin” was presented by W. F. Ehret The differences and additions to the photomicrog iph 
ind D. H. Gurinsky of New York results obtained from  Ehret-West- in the Pittsburgh ress 
University, September, 1942, before gren’s X-ray work are as follows of Carnegie-Illinois §S 
the Buffalo meeting of the American 1. The FeeSn decomposition is aid in preparation 
Chemical Society. This paper has lower than that of the 7 phase. for advice and helpful 
not been published, as yet, except in 2. The phase decomposition to Gerhard Derge of M 
i very brief abstract for with no temperature is probably below 9950" Laboratory, Carnes 
figures, but the present writer was ( (1472° F.), the temperature sug rechnology, for a criti 
furnished with an abstract of the gested by Ehret and Westgren. 
thesis. These authors chiefly used 3. The Fe:Sn. phase is now given References 
the technique of heat treating, | stability limits and is considered as 
quenching, and X-ray analysis. The one phase with complex structure. 
investigation was undertaken to clat $4. A discontinuity is thought to 
ify the structure of the Fe-Sn dia exist between y and FeSn_ phases. 
yram as it concerns equilibria +>. The homogeneity range of the 
existing above 500° C. (932° F.) and phase has been narrowed from that 
in the range of 10 to 100% Sn. They formerly reported. 
were particularly interested in study 6. Comparison of the equilibrium 


ing further the differences in con diagram (Fig. 9) with those of Co-Sn 
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hig. 9 1912 Diagram of Ehret and Gurinsky. The 


symbol denotes the same constituent as the Y in Fig. 4 


clusions between Jones and Hoare ind Ni-Sn shows these similarities 
and Ehret and Westgren’. (a) All three systems possess one 
Since changes have been made in phase having the NiAs structure 
the diagram as published by Ehret (b) The structures of CoSn and 
and Westgren (Fig. 4), the new dia FeSn appear to be identical 
gram of Ehret and Gurinsky is shown (¢ Complex structures appea 
in Fig. 9%. They conclude that all in each system when the atomic 
phases in the system, other than ratio is 3:2. 
iron and tin, belong to the hexagonal A comparison of Fig. 9 with the 
system and report the following |: diagram reproduced in Fig. 1 shows 
tice constants the following differences 
For Fe Sn, « D4AIDAS « 347 1. The existence of two phases, 
a 0.798 and Fe,Sn., is indicated, which 
For Fe Sn ! } = _ mT phases are ibsent in Fig. 1 


0.205 2 Fhe presence of Fe.Sn. ts indi 
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e sure to segregate your alloy scrap 








Careful segregation and identitication of alloy iron the same or similar analysis. The amount of alloying 
and steel scrap should be standard procedure in elements that must be taken from stock is reduced. 
every plant collection program. But, if, through lack of segregation, alloy scrap gets 


into o charge where no alloys are wanted, such as a 


l. It helps conserve essential, scarce alloying : 
plain carbon steel, the alloying elements are utterly 


elements. 
wasted. It is also possible that the heat itself will be 
2. It helps eliminate wasted time, material and lost because of failure to meet specifications. 

effort in the steel mills. The difficulties of scrap segregation increase with 
Alloying elements such as cobalt, molybdenum, every handling. The source is the best point for segre- 
nickel and tungsten are readily recoverable from gation. Comparatively little time and trouble taken 
scrap. If their presence in a lot is known, the scrap there will save a great deal of trouble and wasted time 

can be used in making up a charge of alloy steel of at the mill. 
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Climax Me-lyb-@den-um Company 
500 Fifth Avenue - New York City 
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RATION a MN Mo NI 


NE 8024 0.22-0.28 .00-1.30 0.10-0.20 
NES124 0.22-0.28 .30-1.60 0.25-0.35 
NE 8233 0.30-0.36 .30-1.60 0.10-0.20 
NE S245 .42-0.49 .30-1.60 0.10-0.20 


NES339 .3-0.42 .30-1,.60 0.20-0.30 


NE 8442 .38-0.45 
NE8447 
NE8547 
NE &620 
» 8630 
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For All Cutting Fluid Problems 
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CUT § 1 TIMES FASTER 
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...by entirely new MACHINE 
GAS CUTTING TECHNIQUE 


bricks and other non-ferrous 


Hot tops — usually full of pockets, 
naterials — and rejected heavy steel ingots have long presented 


2 difficult cutting problem. The job of reducing these heavy masses 


> charging box size has always been a slow, laborious process. 

could the oxyacetylene flame be used to speed this operation? 
‘is was a problem recently assigned to our Applied Engineering 
and our Research Departments by one of our customers. The result 
was an entirely new machine gas cutting technique. 
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his new technique utilizes a special Airco machine with an 


Sting 
UG GQ 


torch movement designed to cut kerfs up to 112" wide. 
ws enables the cutting oxygen stream to retain its cut when 
thick have 


purities or blow holes are encountered. Ingots 32 


een successfully cut at a forward speed of about 1” per minute 
approximately 8 times faster than with former methods. 
nis special flame cutting machine is another development made 
dle by the teamwork of Airco engineers and our customers 
buting their specialized knowledge towards one com 
objective. 
tion's wartime policy is to help American industry do 
b we all face. Our nationwide field engineering service 
and our research facilities are at your dis 
posal to supply ‘know how" information 
on any problem involving the use of the 


oxyacetylene flame and the electric arc. 
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State 


Dix, Jr. &, chief metal- 
and R. L. Templin ©. 
chief engineer of tests, have been 
the 


Laborato- 


lurgist, 


named assistant directors of 


Aluminum Research 


Kensington, Pa 


ries, New 





POLISH ’EM 


/ 


They're TOUGH 
and DO 
Their STUFF! 


Commandos of the 


grinding wheel indus- 


try the first small 


wheels mounted on 


steel shanks and lead- 


ing the way today 


with smoother, more 


rapid grinding, polish- 
finishing of 


ing and 


dithecult jobs. 


CHICAGO MOUNTED WHEELS 


of KNOW HOW 


OFF WITH 


the result of 45 years 


come in a wide range of styles on different 


size shanks, for use with any portable or flexible shaft grinder. 


Several special-formula abrasives give 150° to 300 


le mger serv- 


ice. More than 200 shapes, all mounted and rarin’ to go. 


HI-POWER GRINDER 


A real production tool—a three- 
pounder with enough power to 
drive a 2',” diameter wheel. 17,000 


r.p.m. In case with accessories, $38.50. 


Survey 
out. 
neers will analyze it and send you without 


TEST WHEEL FREE 


If you have a grinding problem, send for a 


blank, which you'll find easy to fill 
l pon its return, our abrasive engi- 


charge the trial wheel they recommend for 


full 
and 
Send 


LATEST CATALOG—Packed 
of comprehensive information 
pictures. You'll be interested 


tor copy 


CHICAGO WHEEL & MFG. CO. 


Makers of Quality Products Since 1896 


1101 W. Monroe St., Dept. MP, Chicago, III 


your particular job 


Send Hi-Power 


Free Wheel Size 


Vetal Progress: Page 908 





W. E. 
dustrial specialist, 
tion of Mica-Grap|] 
Office of Operatior 
duction Board, Was 


Renwick & 


Lieut. E. 
called to 
Ordnance Departm 


C. Jasper 


active di 


position as chief me: 
Stewart Warner Co) 


ASMembers wl 
awards for 
the 
James F. Lincoln A 
Foundation:  H. 
welding engineer, Car 
Ltd.; VI 


papers 


recent compet 


inghouse Co., 
Pavlecka, chiel 

Northrop Aircraft, | 
Unger, plant engine 
Standard Car Mfg. ¢ 
Hruska, chief inspec! 
Motive 
Corp > 


Division, Gen 
Walter J. Brooking 
tor of testing and resi 
LeTourneau, Ine James 
Fitch, automotive eng 
Motor 
Lutts, 
Boston Navy 
F field, 
lehem 


worth Truck ¢ 

materia r 
Yard, a Pau 
materials 
Steel Co.; 
ordnance engineer, 
Vehicle 
Ordnan 1) 


ton G. 


engin 
Edgar Brooke: 
Combat Divis 
trial Service, 
ment, UU. S 

Frentzel, chief engin 

the Heil Co.; J. 
metallurgist, Shell Che 
Ralph C. Day, 
tank trailer sh 


Army; Herman 


design, Schuyter 
supe 
and 
worth and Irwin, In 
Rice, assistant profess: 

ing, Oklahoma Agrict 
Mechanical College; 
Klauberg, design engin \\ 
Metal and Boiler Wor 

F. Wahl, 
Hy ster Co.: 
man, head of Industria 


Walt 


engineer, \\ 


Edwin Jones ! 
ing Department, Clems 
Frank K. Zaniker, w« 

visor, Willams 
Co.: H. W. Rushmer, 
Jeffrey Mig 


Underwood, me! 


Crown 


worker, 
cK we 
engineer, Jones & Lat ‘ 


Corp 





aul |) 
B 
ooker. 
in 
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Iv pis 20 years with the Stewart 
rs Industrial Furnace Division of 
Flexible Shaft Co., John Wal- 

erius has planned almost every type 
forging and heat treating furnace 
used today, including many ot 

- own design. He came to Chicago 
Sweden and worked up through 
ranks of his department to his 


sent position of chief designing 
neer. He 


famous technical 


is a graduate of Bergs- 
in, the school 
ializing in metallurgy and mining 
Filipstad, Sweden, and his first job 
re coming to America was in the 
gineering department of Arvika- 
ken, the “International Harvester 
of central Sweden. 
SS) o o 
Don Gardner, co-author with Mr. 
erius of the article on shell treat- 
. furnaces, is a chemical engineering 
iluate, Ohio State University, 1933, 
has been chemical engineer and 
tallurgist for Chicago Flexible Shaft 
r the past five years. His earlier 
nee was in the metallurgical 
chemical laboratory of a large 
manutacturing plant doing pre- 
heat treating of chromium, 
vobdenum and vanadium steels. In 
services with the Stewart Indus- 
Furnace Division, Mr. Gardner 
compiled the useful wall charts 
st pocket data books circulated 


Chicago Flexible Shaft Co. 


o o so 


\ithough James K. Stanley’s main 
pat in the Westinghouse 


tboratories is the investiga- 
ignetic materials for trans- 

d electrical machinery, he 

Us neerned himself with heat 
g cesses and has some worth- 
on the fundamentals of 

lor Metal Progress readers 


page 849). Mr. Stanley is a metal- 
Case School of 


Applied Science (1934), and from then 


lurgical graduate of 


until 1937 did research and develop- 
ment work on aluminum alloys for 
National 
He joined the 


Smelting Co. in Cleveland. 
Westinghouse Co. in 


1937 as research engineer. 


3 o o 


For four of the five years since 
Raymond J. Hafsten’s graduation from 
University of Alabama in 1937 (B.S. 
in Metallurgical Engineering), he was 
with Carnegie-Illinois Steel Corp. and 
the U. S. Steel Research Laboratories 
in Kearny, N. J. In 1941-42 he was 
chief metallurgist for Firestone Steel 


Products’ Fall River, Mass., plant, 
where 50-caliber machine gun links 


were being manufactured. He is now 


research metallurgist for Armour 


Research Foundation, Chicago. 


o o o 


O. E. Romig’s education took him 
from Pacific University (A.B. in Chem- 
istry, 1920) to Oregon State College 
B.S. in Chemical Engineering, 1922 
A.M. 1924, 


under Professor 


to Harvard University 
major in metallurgy 
Starting out in the field of 


worked under Dr. 


Sauveur 
metallography, he 
Hoyt at the G.E. research laboratory 
in Schenectady, and then for the 
American Sheet & Tin Plate Co. In 
1926 he was made chief metallurgist 
of the Vandergrift Works of American 
Sheet & Tin Plate, in 1930 chief metal- 
lurgist of the Gary sheet mill, and in 
1936 manager of the electrical sheet 
division. Since 19387 Mr. Romig has 
been assistant research engineer for 
Carnegie-Illinois Steel Corp.’s research 
at Schenley Park in Pitts- 
He specializes in the metal 
lurgy of flat-rolled, 


uncoated steel products. S 


laboratory 
burgh. 
coated and 
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Glenn Sowders ©, formerly H. W. Graham ¢ 
with Henry L. Hanson, Inc., Wor- metallurgy and 


Personals 


cester, Mass., is now in charge ot & Laughlin St 





the high speed and tool work at burgh, has been 


Marvin J. Udy @, vice-presi- the Massachusetts Steel Treating ber of a committ 


Cor force 4% ‘le 
dent in charge of research and rp.. Worcestet and scientists { 


manner in whicl 

Transferred by Chrysler Office of Technik 

Corp.: Edgar W. Jones @, from should be set up 

engineering division at Highland Production Board 
Promoted: H. M. Oshry, Ord Park, Mich. to Evansville Ord- 


nance Department, from first nance Arsenal, Evansville, Ind., 


technology, Chromium Mining 
and Smelting Corp., Ltd., has 
been elected to the Board 


Harry Walther & 


~w 
lieutenant to captain. in charge of laboratories melting superint 
Timken Roller Be 
been elected preside 


tric Metal Makers G 





Perry R. Cassidy 
executive assistant 
& Wilcox Co., is n 
colonel in the Eng 
U.S. Army 


A. E. Flanigan & 


4%," ejist= relieved of teaching 
liteltare MQ Ir -1m Clare] s 


nois Institute of 1 
accept the positic 
associate on a Nati 
Council metallurgy | 
is located at Unive 


fornia 


Transferred Floyd 
Ss. inspector ot ord 
rial for the Cincinna 
District, from Guid 
sion, General Motor 
Ind to Bridgeport 5 
nance Plant, Indiana 


—because eee C. C. Snyder &, | 


metallurgist, Republic St 
Massillon, Ohio, is 
the Ferrous Metals S 


servation Division, \W 


Speed Treat increased production 53% Ductility 
Plus 


: Machinability 
Speed Treat reduced scrap loss 75% (170 SFPM) tion Board 


Speed Treat improved flame hardening on teeth 


Speed Treat broached without tearing G. A. Sellers @ } 


Speed Treat saved $65.00 per ton of steel used as professor cf m« 
metallography, Scho 
In this “all-out’’ war effort Monarch Steel is co-operating 1007. 


neering, Kansas Sl 
We're helping to “keep ‘em rolling’’ with Speed Treat Steel. 


Manhattan, Kans., 


position as chief met 


Licensor 


MONARCH STEEL COMPANY the Boeing Aircratt ‘ 


HAMMOND ° INDIANAPOLIS ° CHICAGO Division, Wichita, K 
PECKOVER'S LTD., Toronto, Canadian Distributor 
Wesley M. McGhee & 


Licensee for Eastern States merly chemical e1 


THE FITZSIMONS COMPANY Automatic Electric ( 


YOUNGSTOWN, OHIO is now chemical eng 
du Pont de Nemours « 


MANUFACTURERS OF COLD FINISHED CARBON AND ALLOY STEEL BARS phis, Tenn 
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The ry purpose of x-ray inspection stresses the impor- 


tance of each step in the production of the radiograph. 


G-E’s SUPERMIX 


FILM-PROCESSING CHEMICALS 


offer your x-ray darkroom distinct 


advantages for stepping up output 
.eeewhile yet maintaining the 
essential high quality in film 


results e **e and at lower cost. 


‘speedy Developing—3 minutes at 68 F. Or 5 minutes, when x-ray eXpo- 
res are reduced 20 to 25% to conserve the life of your x-ray tube. 


‘speedy Fixing—A fresh batch of Supermix Fixer clears films in 1 minute. 


Best Film Results— Density, contrast, and detail are brought out to the 
illest possible degree for each and every exposure. 


Yost Economical—Lowest possible cost per square-inch of film processed. 


Constant Developing Time—No darkroom bookkeeping on volume of 
lms processed to determine necessary increase of developing time to 
mpensate for exhausted developer. 


Supermix Refresher, used as a leveler and replenisher, eliminates all 
iis, and permits the use of a constant developing time. 


{ Long-life «age, tet use of Supermix Refresher extends the 
ormally long life of Supermix Developer up to four times. 


Quickly Mixed—No fuss. no bother—simply pour the liquid concentrate 
ito tank and add water. 


"der a set of Supermix Liquid Concentrates today and be convinced! 


46) GENERAL ELECTRIC X-RAY CORPORATION 


4 JACKSON BLVD. CHICAGO, tit., U. S&S. A, 





DEVELOPER 


To make l gal. . . .. . $1.00 
To make 3 gals. . . . . 2.75 
To make 5 gals. . . . . . £50 
REFRESHER 

To make l gal. . . . . . $1.15 
To make 5 gals. . . . . 5.25 
FIXER 

Tomakel gal. . . . . . $1.00 
To make 3 gals. . . . . . 2.70 
To make 5 gals. . . . . . 4.25 

j 4 tS 7 





C-E X-Ray offers the most complete 
line of x-ray supplies and accessories 
in the world. Films, chemicals, and 
accessories are stocked in 35 Factory 
Branches and their Service Depots 


throughout U. S. and Canada, 














Yiligs Best Busy - U.S. Wer Bonds 
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Surface Preparation for Spot Welding Aluminuy: 





Ar LEAST 7) of the trou- preparation of aluminum and between the alum 
bles experienced with sur- aluminum alloys is to eliminate the welding elect 
face spitting, weld spitting, variations in the heat of welding, current to the wi 
irregularity in weld shape and due to variations in the contact Surface resists 
electrode pick-up can be attrib- surtace resistance ol unprepared by the presence 
uted to improper surface prepa- aluminum sheets, and to reduce stances, either de) 
ration. The purpose of surface to a minimum the heating Sheet in the cours 
or formed chem 





siete action. of almosph 
Zz agents. The mee} 


chemical films ar: 








similar, and diff 
must be used for tl 
Since the funda 
ciple of spot welding 
of fusion between tl 
faces of the parts j 
on their outside s 
heat produced betw 
and sheet can be « 
particularly since t! 
Sheet and the copp 
alloy readily one vy 
It is therefore imy 
remove both dirt and 
to insure welds with 
| en Coast ee TT. Cocit face appearance, | 
electrode pick-uy 


increase electrode lift 


The Talk of the Machine Shops Wherever 
The need of rel 


Boker's Tool Steels 
Wo, S. j fir film between the sut 
are used ’ 
welded is equally ¢ 
VW Sa 18-4-1 Type High mechanically depos 
\ 0 Speed Steel. dirt cannot be until 
therefore will introd 
5 6-6-2 Tungsten contact resistane 
\YV 1 IN 0) Molybdenum 
g High S d Steel amount of welding 
a _ ated, which in turn \ 
High carbon, extent of ftusion Tr] 
lK if IN if “t x chrome, air hard- film of aluminum « 
, mise bar steel on all aluminum 
and castings. ' 
ee a uniform in characte 
te : quently of such mag 
For over 105 years we break-through requi 


have served the industry t] 
: ciable potential, Wi 
and we are proud of it. 








that when it occurs 


is sharply localized w! 


*Extracts fro 
Standards and Recon 
tices and Procedures ! 
ing of Aluminum Alk 


101 DUANE ST. a NEW YORK emergency standard 
Welding Society, Aug 
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essive local heating, 
weld metal from the 
avities, and irregu- 
shape ol the welds. 
a number of means 
dirt or oil from the 
1v grease-dissolving 
combined with 
agitation such as 
wiping action is sat- 
Vapor degreasers and 
iths are best, though 
supervision and 
hand wiping with 
ilcohol, though less 
can also serve. 
in be seraped off by 
ve action of steel wool, 
or powder, sufficiently 
ut through the oxide 
entle enough to prevent 
d surface, or to guard 
ppreciable removal of 
im cladding. For this 
he bristles of wire 
ust not be over 0.004 
er and the abrasive not 
cloth. 


il preparation has the 


°240 aloxite 


es of leaving no second 


} 


nd, of permitting local 


1 where needed, and of 
ip equipment. Its dis- 
s are high labor cost 
personal factor of the 
It is therefore appli- 
in small shops. 
al Agents There are 
of chemical agents 
attack the aluminum 
unfortunately, most 
will attack the metal 
gh a few will not attack 
cific aluminum alloys 


r instance, 52S. 


emical cleaning, there- 


f exposure is of great 

Hydrofluoric acid, 
lume, is probably the 
erful agent for attack- 
inum oxide film. Its 
the material itself is 
lent and therefore the 
although very fast, is 
al and must be done 
hydroxide caustic 
another powerful 


However, it attacks the 


material itself even more rapidly 
than the oxide film, forming a 
deposit of high resistance so that 
its use also is dangerous and 
very critical insofar as time is 
concerned. Although it was one 
of the first agents to be tried, its 
use is not recommended. 

Mild acids with sulphur base 
appear to be in some ways supe- 
rior to other chemicals since 
their action is slower and the 


time much less critical. Prepa 


rations of the type of Oakite 
S4-A Solution appear to be the 
best at this time They attack 
the oxide film comparatively rap 
idly and their action on the metal 
is considerably delayed 
Advantages of the chemical 
dip include uniform results, 
reproducibility, low labor cost 
Disadvantages are the need for 
accurate control, the hazards of 
corrosive chemicals, and costly 


equipment. (Continued on p.929 








Outwearing Other Material 






@ Hearing of their out 





standing performance 
in other plants, this 
metal working plant 
installed a trial set of 
Ampco” bronze guide 
pin bushings, Alter 








Ampco Meta! had been 
in service one year, it 
had out worn previous 


material two to one 


— 














gave longer life = more 
economical service 


Die sets often operate at extremely high speed — open, 
close; open, close —thousands of cycles hourly — millions 
yearly—yet the guide pin bushings that control accuracy 
in this process must never vary—must resist wear and main- 
tain alignment. Here Ampco Metal again proves its merit. 


Perhaps Ampco Metal costs a trifle more, but the in- 
creased life of the parts made from the alloy proves its 
economy. It outwears other metals — gives a fuller mea- 
sure of value. The ultimate cost is always low 


Detailed information concerning Ampco Metal will 


be sent on request. 


AMPCO METAL, INC. 


DEPARTMENT MP-11 


 AMPCO 
METAL 


i ee ee 





THE METAL 
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Tin From Cans 





(Continued from page 876) 

The second step in the pro- 
gram is substitution of electro- 
lytic and bonderized steel ends 
for cans wherever the nature of 
the pack permits. This will save 
3500 tons of tin in 1943. 


The third step is substitution 
bodies 


This will 


of electrolytic tin plate 


wherevel! practical 
save an additional 4300 tons. 
The fourth step is use of 
electrolytic tin plate and bond- 
erized steel for both bodies and 
ends wherever possible, for an 
additional saving of 3300 tons. 
The total estimated to be saved 
by this program per year by 
1943 is thus about 10,000 tons. 
An interesting problem devel- 








When General Doolittle and his squadrons made 


their surprise raid over Tokio, they carried a mes- 


Tolel -MolMilliler MioMaolul mei MeolilMe7ol-Mul-tt tole l-M le] of; 


can understand! Naturally we are proud that the 


equipment of these planes contained wire made by 


Wilbur B. Driver Co. The entire facilities of our plant 


are devoted to producing, as never before, special 


alloys* (including beryllium-copper) for all war pur- 


poses. Consult us for your requirements. 


we ee bbon 


reg 


NEWARK, NEW JERSEY 


WILBUR B. DRIVER CO. 
° © 
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ops In connection 
step, which may 
gram somewhat 
objective is to say 
needed for coating 
for solder to seal 
balance of these tw 
be achieved to get 
In the all-b 


a tin-lead solder , 


Ings. 


whereas in a com! 
trolytic-plate-bonde 
ver-lead solder can } 
saving of tin in s 
latter case may easi 
more than that fr 
electrolytic plate. 
Production of « 
plate involves d 
changes in tin plat 
and it cannot be 
Entire 


costing millions of d 


over night. 


sibly a total of $75,000, 
be built. The platin: 
as deep as a two st 
Such constructio: 
expense of critical 1 
the most urgent nat 
for other vital war « 
therefore, unlimited 1 
lytic plant cannot be | 
The present const 
gram, now well unde! 
provide 27 tin line 
bonderizing plants 
capacity to permit t 
outlined above by 1%4 
are in the same plants 
hot dip units Unt 
conversion of tin dy 
electrolysis is not poss 
Another obstacl 
which is not yet s 
pletely, is the need | 
the electrolytic plate 
ing to develop a n 
really an all 
This 
to permit efficient s 


bond 
tin and steel. 


the cans, and to pro. 
face which will take « 
isfactorily. Experim: 
being conducted on tl 
the problems. 

The broad tin ¢ 
program includes sul 
other materials for 


(Continued on } 








OMORROW’S America seems 

destined to be a veritable mir- 
cle land. The potentialities for the 
lvancement of science and indus- 
ry tending toward human better- 
ent are literally astounding. 


lundreds of discoveries, processes 
ad formulae are already being 
ried and perfected in both experi- 
nental laboratories and pilot plants. 
‘ome day this research work will 
result in the production of such 
mazing substances and new ma- 
‘rials as to create a far higher 
tandard of living. 


any number of these processes 
developments there will be 
und an ever increasing need for 
pecial high temperature refractory 
roducts such as are originated, 


engineered and manufactured by 
The Carborundum Company. 

For instance, there are at present 
over sixty-five standard and modi- 
fied varieties of super refractories 
already being produced by Car- 
borundum, each designed to meet a 
specific condition. 


Here indeed is indicated a wealth 


of experience in the development of 


refractories, a wide background of 
practical and technical skill that is 
placed at the service of science and 
industry. 

At this time, the refractory products 
of The Carborundum Company are 
wholly utilized by war work indus- 


oa 


— REF TORY ~~ 
CARBORUNDUM 


—S 








tries. This situation, however, does 
not prevent planning for the future. 


So it is with the future in mind that 
we offer a complete consulting en- 
gineering service to cooperate with 
you in the application of the proper 
super refractories wherever neces- 
sary in your processing methods. 
Whether the condition calls for 
high refractoriness, high heat con- 
ductivity, resistance to spalling and 
softening or greater strength under 
elevated temperatures there is a 
Carborundum Brand Refractory to 
meet the service requirements. 


If it is an entirely new application 
or the need for a refractory product 
not yet created, we would welcome 
the opportunity of tackling the 
problem with you. 





THE CARBORUNDUM COMPANY e PERTH AMBOY, N. J. 


Refractory Division 


: ches: Chicago. Philadelphia, Detroit, Cleveland, Boston, Pittsburgh, Distributors: McConnell Sales and Engineering Corporation, Birmingham, Ala 
' k Company. St. Louis, Mo.; Harrison & Company. Salt Lake City, Utah; Pacific Abrasive Supply Company Low Angeles, San Franc Calif.: Det 
Fire Clay Company. El Paso, Texas: Smith-Sharpe Company. Minneapolie Vine 
Carborundum is a registered trade-m ork of and indicates manufacture by The Carborundum Compa 
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res, especially tailings contain- equipment for tl 





Co p per Clad ing native coppel dredged trom the additional ma 
Lake Linden. hey also have, have to be built 
for the past couple of years, com- existing smelte 
mercially treated copper-clad handle the entire | 
steel scrap. The Lake Linden per oxide which « 

Continued from page 866 plant now has capacity to treat from the processii 
Co. at Carteret, N. J., and Copper- 2900 tons per month of gilded tons of gilded ste ; 
weld Steel Co. at Glassport, Pa steel, and the company is ready However, no rec 
Calumet & Hecla have oper- to accept this amount of material fume would be mad 
ated for many years a cupric immediately. Additional leach- present operating 
ammonium carbonate leaching ing capacity for 7500 tons the plant, but a ri 
plant in the treatment of copper monthly exists, but oxidizing could be installed. 


Briefly the p 
described by Hayvw } 
Outline of Metallurg 


Speaking of versatility—here’s | icc). i Dredset tits 
one day’s production ina = | jas ark mene 





> Detroit Electric Furmace | cnsiv ie iiquor conan a 
O85 Cu, and finally was} 


with steam to drive of) 
ammonia (which is 
The enriched solutio 
rated and boiled t 
the ammonia comp 
some of the carbonates, the N 
and CO. being re 
absorption towers. D f 
operation the coppet 
as CuO. When treat gilding 
metal, zine is also re 
oxide; in smelting tl 
oxides to metal the z 
into the slag and fun 
of it can be recovered | 
byproducts by meth 
large-scale operatior 
smelters 

Copperwe ld Steel ( 
a number of years, D 


ested in and experim 





















the recovery of the 
You will note in this typical example of : 
ene day's production that castings 
ranged in carbon content from 2° to 
3.75%. Plain and alloyed irons—both 
white and gray irons—were run 
throughout the day in rapid sequence 
as desired. 

In addition to versatility. the Rocking 
Electric Furnace is fast and efficient. 
Easy to use, it results in a higher per- 
centage of good product. lower metal 


iron trom its ovn | 
and now has a pilot 
construction for treat 
of it. The American 
has operated an amn 
ing plant for a numb 


in recovering zine ft! 





losses, less labor, less plant space and dust at Carteret. l 

the frequent use of salvage materials. . . : 1] 

Write for further facts companies are a q 
construct and operat ching 


plants for the trea 


DETROIT ELECTRIC FURNACE DIVISION gilded-steel scrap. 4 


the matter of trans} 


(Continued on pa 





KUHLMAN ELECTRIC COMPANY . BAY CITY MICHIGAN 
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Hevi Duty has a ten year successful record of producing Batch Type 
Electric Gas Carburizers. This experience proves the importance of — 


Heavy Rugged Construction of Furnace and Alloy Parts 
Major Operating Parts in Cover (easily accessible) 
Self Cooled Fan Shaft Bearings 

Multiple Zone Control 


Positive Control of Carburizing Media 


+ + + + H FH 


Proved Element Construction 


Hevi Duty Electric Gas Carburizers have all these essential features 
which are paramount to high quality carburizing and low mainten- 


ance and operating costs. 


HEVI DUTY ELECTRIC COMPANY 


HEAT TREATING FURNACES HE-VJESDUTY €ELectRic EXCLUSIVELY 
MILWAUKEE, WISCONSIN 
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Copper Clad 





(Starts on page 866 


Calumet & Hecla is in the best 
position to carry on the work 
by constructing additions to the 


present plant. 


point of transportation, it 
appears that the Cleveland or 


From the stand- 


Pittsburgh area is the best loca- 


tion if a single central unit 


contemplated. For proper recov- 
ery, flat pieces should be cut in 


6-in. squares and crimped to pre- 


vent nesting. 
the gilded steel be baled. 


Estimates have been prepared 
showing that scrap can be 
reclaimed for about $5.00 per ton 
if 3-year amortization of plant 
is permitted this would be $9.00 


per ton) 


In no case should 


The last figure would 





es 
DURALOY 





HE word “Specialist” implies bet- 
ter-than-average knowledge of and 
experience with a given subject. 


Duraloy Metallurgists and Foundrymen 
merit full recognition as specialists in 
the field of chrome-iron and chrome- 
nickel castings. They've been doing 
this work exclusively for twenty years. 
They've been turning out all sorts of 


represent recovery 

oxide, for 2.5¢ per lI 

be an additional ec! 

it of from 2 to 3¢ 

conversion of the 

trolytic copper, re] 

treatment charge | Xist 

smelters and ref s I 

charge could be , ippr 

mately in half if e-refiy 

copper bullion we 

and this should be a 

product but probably, 

done in existing sm 

than the Hubbell plant 

Calumet & Hecla Consolide 

Copper Co. in Michigan rT} 

company, however, can 

would process the total cont 

plated tonnage of copper oxid 

it were desired that they d& 

Shipment of oxide, however 

a serious problem. 
The’ estimated 

steel is 100° 


The steel left behind in 


recovery 


of copper 46 5 


ammonium leach should be 
clean product, and if it wer 
compressed into bundles, it cou 
probably be classified as a N 
bundle, taking a price equiva 
to No. 1 heavy melting ste¢ 


Other Methods 


Electrolytic methods 
been considered by three f 
Metal | 


experimented with an amm 


American 


cal electrolyte. Copper w 


solution readily, but on 


\ 


castings, simple and intricate, and 
weighing from a few ounces to several 
tons. Analyses have ranged from high 
chromium with no nickel to high nickel 
and low chromium. Finishes have been 
rough, machined or polished. 


It would pay you to make DURALOY 
your source of supply for chrome-iron 
or chrome-nickel castings. 


THE DURALOY COMPANY 


Office and Plant: Scottdale, Pa. 


Detroit 
The Duraley Ce. 
ef Detroit 


Eastern Office: 12 East 4ist St., New York, N. Y¥. 


Scranton, Pa. 
Coffin & Smith 


Les Angeles 
Great Western Steel 
Company 


Metal Goods Corp.: St. Louis—Houston—Dallas—Tulsa—New Orleans 


11-DU-? 


Vetal Progress; Page 918 





10°. deposited on the « ithod 
probably due to surface ox 
tion, a trouble for whic! 
ready cure is apparent | 
wise there seems to be 
and efficient way of har 
scrap as anode material 
excessively large electroly! 
areas would be required. ! 
basis of costs, both produc! 
and construction, it 
appear likely that th 
lytic process could com) 
a leaching method. 
Steel Co.’s experime! 
these conclusions. 
Automatic Gasflu 


(Continued on page 













silver film, magnification 100,000 x. The RCA 
scope reveals the film is not continuous but 
xtremely fine particles, whose average size is less 


hundred-fifty-thousandths of an inch. 


ssion electron diffraction pattern of the thin silver 
) above. Diffraction patterns indicate the structure 


ysical arrangement of the atoms in the material. 


TAKING THE MYSTERY OUT OF METALS 


Ele grapt S b 
ing pure zinc in ygen. For the first t 
zinc crystals can be seen. Below is diffra 


specimen taken with Electron Microscope diffract 
} } 


The reflection method is here used t btain the diffrac 
tern of zinc oxide. When the material is too thick f 
sion, the reflection method achieves equally g i resul 


A case-study of the practical application of the RCA Electron Microscope 


Once the pattern of particles in a metal is 
known, once their size and structure, their 
position and relationship to each other can be 
bserved and studied, the way is open for re 
search that will yield rich rewards. 


The RCA Electron Microscope is playing a 
new and important part in solving metallurgi 
cal mysteries for science. By its inherent high 
resolving power making possible useful magni 
heations up to 100,000 diameters, it enables 
man to see structural details never before 
within his ken. And through the princi- 
ple of electron diffraction, which the in- 


simple attachment, it permits study 


| 
cant analyses 


The RCA Electron Microscope 


pact unit, drawing its power from an o1 


110-volt, 60-cycle, single-phase A. C 


Its operation can be mastered | 


tent laboratory technician 
In your plant, the RCA Electr 
scope can be an instrument for im 
portant progress in research about 
your products... Complet« 


data and literature are avail 


_ 
se tei seen 
strument makes use of by means of a ~ , able on request. 


RCA ELECTRON MICROSCOPE 


RCA MANUFACTURING COMPANY, INC. 
CAMDEN, NEW JERSEY 
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lattice of specimens, leading to new, signih 


comp« 
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(merican Metal Co. has also 


tried to develop a suitable scal- 


| | 
“wr Clad 
d 0 p pe r ai¢ ing procedure. The method con- 


sisted in heating the gilded scrap 





to a temperature somewhat 

below the melting point of the 

(Starts on page 866 copper-zine alloy and water- 
Cleveland has had in mind the quenching. <A recovery of from 
electrolysis of this serap in a 50 to 60% of the copper and zine 
eyanide or sulphate bath. On could be obtained as a mixture 
the basis of a few simple tests, of metal and oxide seale. A sec- 
costs are estimated at around 10¢ ond sealing treatment following 


per lb. of recovered copper. the first resulted in practically 








The 


MODERN BLACK 
FINISH FOR 
STEEL 


C 


Hundreds of thousands of steel items in America’s industrial 
war effort are being finished and protected with Phytanium 
Blended Pentrate 


Approved and specified on innumerable blue prints,this durable black finish has released great 
quantities of strategic metals for other purposes 

The rich deep black appearance, durability, rust resistance and friction reducing qua! 
ties of Pentrate achieved immediate acclaim for steel propeller blades, aircraft control 
bearings, struts rifles, side arms, machine guns, cartridge magazines, gun mounts, gauges 


close assemblies and hundreds of other steel items 


_-<) HEATBATH CORPORATION 
< SPRINGFIELD, MASSACHUSETTS 


Canadian Representative, WILLIAM J. MICHAUD CO.., Ltd., Montrea 
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no additional recove 
Sealed scrap was tl 

This work did 
its original expectal 
present) unanimous 
the experimenters 
method has no part 
either when used } 
a part of a leaching 
main defects are 

1. It will not by 
satisfactory re¢ 
metals. 

yo When used in 
with leaching, the he 
renders some of thi 
alloyed or combined 
iron that after the 
iron still contains 
copper. 

3. The copper tha 
with the steel requir 
longer time for solu! 
ammonia solution th 
original material 

Copperweld’s lab 
also worked with sulpl 
ing, wherein bi-meta! 
into molten sulphur, a 
per sulphide formed is g 
broken from the ir 
sulphide layer i! 
formed in 4 min., whicl 
tle and easily broken 
iron. However the resu 
is so high in sulphur 
almost worthless. 

In addition to the 
tioned procedures, tl 
weld Co. has experim 
ammonium sulphate 
ing agent. The copp 
solved from the iron 
ammonium salt, and 
itated from the leach 
phuric acid. Copper s 
recovered, and_ the 
ammonium sulphate 
to the leaching circull 
phurie acid which is 
in the precipitation s! 
be recovered if the c 
subsequently deposited 
trolysis. While this 
simple and undoubt 
able in all its phases 
require time to devel 
offers no. essential 
over the ammonium 


method. 














s 


m2) 


aC Cae 


© Baw JUNIOR FIREBRICK 


Hove the lightest weight, hence Economical in services usually A smooth-working, cold-setting, 
lowest heat-conductivity obtain- causing the rapid deterioration high-bond refractory mortar. Es- 
able with present manufacturing and early failure of fireclay pecially developed for use with 


@ B&W INSULATING FIREBRICK 


methods. brick. 


© B&W PLASTIC CHROME ORE 


Has remarkable resistance to 
abrasion and the attack of slag 
and molten metal. May be used 
in both oxidizing and reducing 
atmospheres. 








€) B&W SMOOTHSET MORTAR 


insulating firebrick. 


5] B&W LIGHT-WEIGHT INSULATING 
CONCRETE-MIX 
Characterized by light weight, 


low thermal conductivity, great 
strength, and easy handling. 


B&W REFRACTORIES 


B&W Refractories Engineers are well quali- 
ied to help furnace builders and operators 
select refractories for even the most complex 
applications. 

First, they have available a complete line 
of refractories for recommendation and use. 
for example, five refractories are used in 
he above furnace. 


he a 
Second, they know refractories—they have 


had experience that dates back to the devel- 
opment of the first special high-heat-duty fire- 
brick, and the first true insulating firebrick. 

Third, they know how refractories should 
be applied and installed —in scores of dif- 
ferent kinds of furnaces. 

This experience, plus assistance from the 
home office engineering staff, is available 


to America’s war industries today. 


THE BABCOCK & WILCOX COMPANY - Refractories Division - 85 LIBERTY ST., NEW YORK, N.Y. 


& WILCOX 


BABCOCK 





R.isa 
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Armour’s 


Anhydrous Ammonia 
Gunrantecd Pere, dee 


For Nitriding and Protective Atmospheres 


Over fifty years of experience in servicing 
thousands of ammonia users assures you that 
when you order Armour’s Anhydrous Am- 
monia, you get not only a pure, dry, 
dependable product, but «elso the best 
service obtainable. 


Take advantage of our technical service by 
writing us on any problems concerning the 
use of Anhydrous Ammonia in Nitriding, 
Dry Cyaniding, or as a protective atmos- 
phere either by itself or in conjunction with 


other gasess 


Prompt delivery in Bottle Type or Tube 
Type cylinders, 100 Ib. and 150 Ib. sizes, 
from one of our plants or nearest of our 


sixty stock points. 


ARMOUR AMMONIA WORKS 


Division of Armour and Company 


1355 West 31st Street Chicago, Illinois 


handling and hooking up Anhydrous Ammonia 
cylinders, please clip and mail the coupon below. 


a For free descriptive circular on the proper method of 


Armour Ammonia Works, 
1355 W. 31st St, 
Chicago, Ill. 


Please send by return mail a copy of your circular on 
“Methods of Handling Cylinder Anhydrous Ammonia 
for Metal! Treaters."’ 


Name 
Title 
Company 
Street 


City 
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Cutting of Stee] 





(Continued from page 889) shell; 
cooled slowly through the critica! 
forging to produce a lamellar pear! 
with free ferrite, in order to get 
machinability on roughing cuts. 
Speeds — High cutting speeds, 
with carbide-tipped tools, produc surf 
quality often greatly superior to that obtaj 
with high speed steel tools operating at 4) 
highest capacity. At sufficiently high speeds 
cutting edge of the tool actually does the 
ting, whereas at slower speeds the work S| 
apart ahead of the edge. Favorable results y 
cited when milling with carbide-tipped « 
at speeds two to three times the lower m 
mum. Negative rake was given the cutters 
exceptionally high quality 
Coolants Cutting fluids of the emuls 
class are commonly used with carbide t 
tools, and they should be flooded on in la 
The chip of 


prevents the coolant from reaching the act 


quantities and continuously. 


cutting edge; excessive temperature cha 
will then result in cracked tools. Emulsi: 
coolants serve to break up the chips alt! 
many applications of carbide tools ar 
formed better when cutting dry than with 
quate quantities or improper applicatio: 
coolant. Sulphurized oils are generally 
be used on carbide tools inasmuch as t! 
unfavorably on the binder. 

Practices at a large manufactu! 
making mechanical bearings were g 
detail. Emulsions of one part solubl 
parts water are used as coolants and corros 
preventives on large forgings of alloy st 
multiple-spindle screw machines a m 
containing 6% of lard oil is used; this 
cooled the tools and lubricated the 
Emp! 


placed on the cooling properties of t! 


moving parts of the machine. 


fluid and it was stated that, as an exa 
oil on one screw machine rose to 135 
the day’s run. After installing a coole! 
tain the cutting oil at from 80 to 85° | 
As th 
from sulphurized oils is carried by 
back to the steel making furnaces, su 


duction was increased by 15°. 


oils are not too good for subsequent 


into high quality alloy steel. 
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G-E USES “GLOBAR” TO MAKE 
FLUORESCENT LAMPS FLUORESCE 


2. Speed. “Globar” elements quickly develop the 
required temperature. 


{ on unusual — of Globar Brand High 
iz mperature Electric Heating Klements has a 
moral for anybody who wants clean, fast. uniform heat. 


Here's the story: a fluorescent lamp gets its light from 
olet rays acting on fluorescent powders (phos- 
coated on the inside of the tube. But these 

lers do not fluoresce except in the presence ol an 
or—and to get the activator into the matrix of 
wder requires heat. When temperatures are too 
lor alloy heating elements, and atmospheres 
ndly, General Electric uses “Globar”, saves crit- 
ir material and gets these results: 

1. Uniform heat. Furnace must be kept at required 

rature without fluctuations for a period of hours. 

ll: eat must be uniform throughout the furnace. 


3. Cleanliness. Fluorescent powders must be excep 
tionally pure. Minute amount of foreign substances 


would reduce fluorescence. 


4. Efficient and reliable operation. Furnaces are in 
operation 24 hours per day, seven days per week, 


When vou add to these safety and economy. you have 
a list of advantages which no other form of heat can 
even equal. If you want clean, dependable heat at tem- 
eratures up to 2700) I... vou should investigate Globas 
oer High iz tna pye rature Electric He ating Llement- 


, 
at once. 





= Globar Division ese 





THE 


NIAGARA 


Carborundum and Globar a t rk 


FALL 


CARBORUNDUM COMPANY 


S, N. Y. 
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PORTABILITY 


~of Equipment... — 
Sk 


 — —T7 " 


A Big Advantage of 


GAMMA-RAY 
METAL RADIOGRAPHY 


@) Lead-protected carrying case tor 


2 Magnetic handling rod and simple 


ACCOCSSOTIEs 


Q) Supply of \-Ray photographie films. 


. that’s all the equipment needed for modern Radium 
Radiography of metals, so handy and compact you can store 
it in the trunk of your car with room to spare! Portability of 
equipment and simplicity of technique are important reasons 
back of the big swing in wartime industry to Radium— Nature's 
“powerhouse” mineral for the non-destructive examination 
of metal parts, castings, weldments and fittings of prac tically 
all types and thicknesses. Write us for free manual and full 
information, We can supply Radium and associated minerals 
inany quantity and all necessary accessories. Prompt service 
and highest quality products are assured by our control of every 


step... from our Canadian mine and refinery to your plant. 


Free Manual 


This manual provides a reliable texthook on 
the fundamentals and technique of modern 
Industrial Radiography of metals with radium 
Specially prepared for the metals industry by 
our research and technical staff. Write for a 


free copy of this valuable book 


Canadian 


RADIUM&URANIUM 


Corporation 
630 FIFTH AVENUE - ROCKEFELLER CENTER- NEW YORK 
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Soot Deposits’ 








a THE LEADING ARTICLE in this iss 
Progress discusses the simplest 
process ol gas carburizing. In practi 
always hydrocarbons, hydrogen and 
present, even when using solid carb 
boxes. When using gas for the carburi 
ilone, the hydrocarbons may in fact bi 
and deposit annoying soot. The factor 
perature and composition which cause 
its or, the opposite action are tl 
important to the metallurgist. Consequ 
paper by Dr. Rueckel, one part of 
abstracted below, is worthy of attention, 
describes successful methods of handling 


ture of rich coke oven gas and lean flu 


Fig. 1 Variation in Equilibrium Constant (log Ap 


Forming’ Reactions. Soot is deposited when log Kk; 


2 





C+2Ho= Cg 


+o + 


~20 +3Ho= Ole 


+ + 








2C +2Ho = Cohg 


al 
600 800 1000 1200 1400 1600 1800 2000 2 
Temperature, F 





blast furnace gas for firing by-product cok: 
without plugging up the combustion chambe 
and flues with soot. 

Recirculation of waste combusted 
coke oven flues increases the length of the 
but the more important advantage is in “aut 
decarbonization”. All of the batteries emp 
the new system have been singularly fre¢ 
carbon deposits in the gas risers of the un 
ovens, Without the addition of any externa! 
decarbonizing 

Constituents in coke oven gas responsi 
carbon formation are ethane, methane, a! 
illuminants like benzene and ethylene. Th 


*(Abstracted from “New Principles 
Coke Ovens”, by W. C. Rueckel; paper read 
Eastern States Blast Furnace and Coke Ove! 
tion, Feb. 13, 1942.) 
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While the foregoing discussion describes the 


4 


/ 
/ 


Jf 


y 


thane deposit carbon when in a temperature 


volved in both the deposition ol 
autogenic consumption are rever- 
ite equilibria are established which 
the temperature and partial pres- 
constituents involved. The more 


fions follow ~ 


on C+ %0.55CO 
bak 3H Cc+0.55CO 
Pa Ts C+CO0.2CO0 
5 ¢ 2H . < 
C+HOSCO+H 
> Hit 3H 


C+ 2H.OsSCO 2H 
ibrium constant (A,) of the carbon 
|! carbon forming reactions is pre- 
graphs. In Fig. 1 it should be borne 
values above the zero axis theo- 
ate the reverse reactions in which 

be consumed, With the exception of 
the other constituents benzene, ethylene 


ntered. While theoretically carbon 
vdrogen can form methane at temperatures 
1100° F., this reaction is most unlikely 
the presence of a catalyst. Oxygen is the 
consumer. 

juilibrium data for the so-called carbon con- 
yg reactions are shown in Fig. 2. Since all 
ibove the zero axis at temperatures 

300° F.. all the indicated reactions con- 
bon at those high temperatures. The 

f oxygen and carbon to form carbon 
ind carbon dioxide can also proceed at 

low temperatures. These reactions are 

it work during the entire period of the 

s’ eyele both to consume carbon and inhibit 
n when there is oxygen, carbon oxides 


vapor present, 


which the various equilibrium reac- 
gress at certain temperatures, it should 
ibered that dilution with waste or inert 
trogen) will decrease the rate at which the 


hvdrocarbons react to form carbon. =] 


Carbon Consuming Reactions Are 


at Ts mperatures fhove 1300° Ff 





C+0p200> 7 





A 


A. 
- 


‘ C02=2C0 








800 1000 1200 1400 1600 1800 2000 2200 
Temperature, F 
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New Gile Golder 


ON 
X-RAY INSPECTION 
of CASTINGS. WELDS 
and PLASTICS 


in this 
Newly Modernized \-Ray 
Metallurgical Laboratory 


(Approved by U.S. Army Ordnance) 


X-RAY INSPECTION 


CLAUD S. GORDON CO. 


Original and Only Completely Equipped X-Ray 
Metallurgical Laboratory serving the Chicago 
Area since 1929 with X-Ray and Gamma Ray 
Inspection 


CHICAGO 
3000 S. Wallace St 
Tel: Victory 6525 


CLEVELAND INDIANAPOLIS 
1988 E. 66th St Suite 211 
Tel.: Henderson 5540 31 E. George St 
Tel: Lincoln 8848 
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Investigating NE Steels 7 


Here’s new, helpful data for you! 


Already adopted in many war plants, NE steels will be increasingly 
used to substitute for standard alloy grades. If you are now testing or 
contemplating the use of NE steels, you'll find this new Frasse chart a 
handy guide. 

Latest of the Frasse Data File series, it shows a complete list of 
recently revised NE analysis “specs”, plus recommended alternatives for 
standard alloy steels. Both standard and NE grades are grouped, for 
convenience, according to approximate hardening values. 

The chart is regular file size—just right for desk or wall, too. There’s 
no charge—just mail the coupon below. Meanwhile, if you have a 
specific question regarding the use of these new grades, write or call 
Peter A. Frasse and Co., Inc., 17 Grand St, N. Y. (Walker 5-2200) « 3911 
Wissahickon Avenue, Philadelphia (Radcliff 7100 - Park 5541) « 50 Exchange St., 


Buffalo (Washington 2000) « Jersey City, Hartford, Rochester, Syracuse. 
» 
FRASSE Mechanical STEELS 


Peter A. Frasse and Co., Inc 
SEAMLESS STEEL TUBING Grand Street at Sixth Avenue, N.Y. ( 
COLD FINISHED BARS Please send me a free copy of your chart Sec. D, No. 2, 
ALLOY STEELS showing NE “specs” and recommended alternates 
DRILL ROD 
WELDED STEEL TUBING Name 
COLD ROLLED STRIP AND 
SHEETS 
STAINLESS STEELS Address 


Firm 
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(Continued 
possible. Certa 
plants are expect 
or more product 
of glass containg 
done adequately 
plants, where on¢ 
25 lines will b 
Container filling 
sive in critical m 
labor and machi 
they cannot be bu 
marked tin sa 
accomplished. It 
substitution of g] 
such a case wi 
times as much tin 
stitution of glass f 
trolytic tin plate 

The great unk: 
conservation prog 
is scientific know! 
products can be p 
fully in what kinds 
It is not known e 
electrolytic tin plat 
ized steel will pr 
foods The only Wa 
this problem is t 
uct in the suggested 
it for six months 
has happened rl} 
cannot be hurried 
expected that reas 
information can 
before the 1943 seas 

Advisors to the W 
tion Board believ 
factors will com 
the same time in 
1943 pack of foods 
trolytic tin plate | 
completed, and the 
container suital 
fairly well along, s' 
food pack will tak 
tage of the plann 
10.000 tons of eri 
tin. This yearly sa 
to over 10 ota pe 
total consumption 
will run close t 


vear’s essential de! 
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Recomm nded Practices 


working prin- 
it] lad, 2S 


and the alloys 


commer- 


2S and 53S containing 
iy copper: Degrease 
degreaser, or by 
» 10 min. in Oakite 
Oakite 638, 3 to 6 oz. 
it 180° F. 


water rinse 


Give al good 
immediately, 
inv residue and rinse 

\ surface to support a 
film is desired. Later, as 
nt, deoxidize the surface 
te 86-A, 6 to 12 oz. per 
Temperature and 
il 1ure critical. Time 
24S-T alclad, 


imple, requires from 2 to 4 


as n fase, 


0.016-in. gage, and pro- 
nately up to 3 to 7 min. for 
gage. After this dip, 
cold 


rinse, again sponging off 


diately give a good 


esidue, and then without 


lry thoroughly. 


‘hops working principally 
the alloys containing con- 
ible copper (61S, 24S, 17S) 
rea more drastic operation 

r degreasing. First the metal 
| be dipped in Oakite No. 
z. per gal. at 190° F. for % 

min. depending on condition 


he surface, then rinsed in 
running water and immedi- 
p it nto a 10% 


cid by weight for 1 to 3 


solution of 


long enough to remove the 


scale. A cold running 
rinse, accompanied with 


sing, linishes the operation, 
*pt tor rapid drying. 


, \s as the surface is 
welding, the chem- 
of the atmosphere 

U hanical action of the 
Sut { dirt begin to undo 


herefore, in general, 
S prepared should be 


in 24 hr. S$ 





Continuous belt con- 
vevor tvpe heat treat 
ing furnace 


= 


every Heat Treating requirement 


Recirculating 


Bright 


Shell 


Shell Nosing Billet 








Large-capacity air recirculaiing 


furnace with chain conveyor. 





Non-ferrous reverberatory melting 


furnace 


Sront or lop charging 





Over- and under-fired car ty pe an- 


nealing, stress relieving and 


normalizing furnace 


DEMPSEY FURNACES since 1917 






There ia 


DEMPSE} 


for 


Witte litit'd 


Forging 


Cartridge Case Annealers 


Coil Annealers 


Normalizers 


Speeding Production 
Cutting Costs! 


Aircraft . . . Ordnance 
.. + Machine Tools . 
Ships... wherever pro- 
duction speed is impor- 
tant, Dempsey fur- 
naces are vital factors 
in every phase of heat- 
treating. Regardless of 
whether the problem 
involves a smail or a 
large furnace, Dempsey 
engineers will solve it 
. . « individualize the 
installation to meet it 
exactly. That is why 
Dempsey _I ndustrial 
Furnaces have been 
chosen by so many in- 
dustrial plants engaged 
in war production. Let 
us suggest how we can 
be helpful in solving 
your problem. 

New Butietins GIvE 

Compete DetalILs 

Write for them today 


FURNACE 


Heaters 





Bomb or shell heal treating 
furnace 


Contunuous Conveyor 
Clean Hardening 


Shell Heat Treating 







Continuous normalizing, anneal 
ing and heal-trealing furnace 





Carburizing, annealing and gen 
eral heat-treating oven furnaces 





Pot furnace for heat treatment 
in liquid bath 


DEMPSEY INDUSTRIAL FURNACE CORPORATION 


MILL RIVER LANE 


SPRINGFIELD. MASSACHUSETTS 


FURNACES—OIL & GAS BURNERS 


Offers Combined Ve ; 
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« GILBERT & BARKER since 1908 

















These Questions On 


FORGING METALS 


Can it be forged? 
What is most suitable stee| : 
Can non-ferrous serve? 

. Does it machine readily in the 

Towoocerece 10 TAKE A MILE-A-MINUTE RUB heat-treated condition? 

How about the fibre direction = 
CALLITE WIRE ‘gets around” fast in Samson Rotary Wire 
Wheel Brushes around 5,000 feet a minute in this all > ak a and HUNDREDS more 


important step in the manutacture of tinplate. Faced with an 


unusual set of wire requirements—high-speed stamina to are fully answered in the 


clean strip steel—gentleness to preserve the steels high fnish— 


v v v 


stout resistance to water rust and corrosion—the Manufacturers 


Brush Co. naturally decided to call in Callite FORGING HANDBOOK 


Callite’s engineering facilities and experience in producing B 


Waldemar Naujoks and Donald C. Fabel! 


fine wires to specification are at your disposal 
CALLITE TUNGSTEN CORPORATION 


$37— 39th St., Union City, N. J. Branches: Chicago, Cleveland 


pon 
CALLITE FINE WIRES FOR EVERY WEED Red cloth binding 
In sizes as small a 02”—tor springs, « trol ables nstruments 
control devices, wire th, scratch brushes and other applications 

BERVYLLIUM Corre HKRASS ALL GRADES COMMERCIAL BRONZE $7.50 
SPECTAL ALLOYS ALUMINU™M HRU SH WIRE NICKEL-SILVER 
STAINLESS STEP! PYVYERDLR SILVER PHOSPHOR BRONZE v v v 


published by the 


AMERICAN SOCIETY FOR MBETALS 
7301 Euclid Ave. Cleveland, Ohio 
Beets: «eae 




















Re O L | 5 be ! N G STATEMENT OF THE OWNERSHIP 
MANAGEMENT. CIRCULATION, ET¢ 


Metal Progress 
1 1942 


; fore pe ay E r. B 
RITE-TONERDE e-business ‘manager of Metal Progress 
(levigated alumina) is unequalled ry: ag 
in quality and guaranteed to give 
perfect results. It is the standard 
polishing powder in modern metal 
lography. RITE-TONERDE is made 
ind #3, 
ft steels, 
to meet the specifi onditions 
prevalent in metallurgical labora GREEN-ROUGE 


tories POLISH (levigated 
Chromic Oxide) 


MILD POLISH (levi- 
bd gated Tin Oxide) 


Price list upon request. 


The RITE-PRODUCTS are independently manufactured in our 
plant, in Irvington, N. J., by 


CONRAD WOLFF, Dr.-Ing. 
P. O. Box 448 Newark, N. J. 


Also mfg.: LUNKE-RITE. an extremely effective, exothermic, 
powdered compound used on steel ingots with, 
or without, hot tops; also on steel castings. 

RITE-MOLDCOTE, now the best sprayable coating for 
ingot molds, etc. 
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Metal Seienee 
vont. from page 898) measured rates with 
ous experimental conditions was explained 
‘he basis of the diffusion rates of the hydro- 
nd water vapor involved in the reaction. 


\t the same session, Emerick and FEeiGen- 
vw presented their paper on “The Duplex 
wess for Manufacture of Basic Openhearth 
Steel”, which won the F. B. McKune memorial 
ward for 1942. In it, they demonstrate that 
steels produced by this process can be made to 
he same quality standards as conventional 
yenhearth heats. It was shown that nitrogen 
be controlled by regulating the temperature 


the blown metal, charge and control of the 


up carbon, and subsequent rate of carbon 
limination in the openhearth furnace. [Many 
the above items are viewed from the stand- 
nt of an openhearth operator, in Mr. Norris’ 
Cold Work — Researches on problems of 


echanical metallurgy were discussed in sev- 


port on page 879.} 


al @ sessions. In the first of two papers on 
itch effects, Sachs and LuBaun showed that 
it treated alloy steel tubing subjected to 
imultaneous longitudinal and circumferential 
nsion failed at slightly higher tensile strengths, 
it with much lower circumferential ductility 
in rods of the same material tested in tension. 
heir second paper on notched bar tensile test- 
¢ of similar steels showed that steels heat 
eated to tensile strengths over 200,000 psi. 
led with practically no ductility when deep 
rcumferential notches were cut in the speci- 
ens. In discussion, it was pointed out that the 
hesion limit should always be considered to 
iry with the magnitude of all three principal 
‘iresses, rather than merely with the algebrai- 
lly greatest stress. The notched bar test 
tetects embrittlement by other factors, such as 
verheating, and the ordinary tensile test is of 
avail in such cases. The general conclusion 
' these researches is that ordinary tensile test 
ila do not provide criteria for the suitability 
‘Steels for parts having irregularities in shape 


similar to deep notches. 

BarrHOLOoMEW described studies on deep 
‘“awing and concluded that a useful index of 
‘aWability was the maximum value of the true 


“ess Curing uniform elongation in the tensile 
Continued on page 954) 











Niagara Aero Heat Exchangers in use by SKF 


FASTER PRODUCTION 
OF HEAT-TREATED PARTS 


Secured by Accurate Control 
of Quenching Temperature 


@ Proper control of temperature... both by cooling 

the quenching bath during use and by heating it to 

»xroper temperature when cold... prevents spoilage, 
s 


produces uniform physical properties and increases 
production speed. 

Example: Qne manufacturer inc reased production 
from three to five units in the same time-period by 
installing the Niagara Aero Heat Exchanger in con- 
nection with his heat treat quenching. 

If you have a problem of temperature of an indus- 
trial liquid, as in quenching, wire-drawing, broaching, 
rolling, wet grinding, hydraulic machinery, water- 
jacketed equipment, lubricants, coolants, chemicals or 
intermediates, the Niagara Aero Heat Exchanger offers 

ositive automatic temperature control at lower cost. 

o cooling tower is needed; 95% of cooling water is 
saved. Closed system prevents contamination. 

Write for Bulletin 90 


NIAGARA BLOWER COMPANY 


Dept. MP-112 
General Sales Office: 6 E. 45th Street, New York City 
37 W. Van Buren St, Chicezo, Ill 
Fourth & Cherry Bldg., Seattle, Wash 
673 Ontario St, Buffalo, N. Y. 


District Engineers in Principal Cities 





INDUSTRIAL COOLING * HEATING * DRYING 
HUMIDIFYING « AIR ENGINEERING EQUIPMENT 


L 
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REMEMBER 


Remember the boys who have gone 


lo fight for freedom night and day 
Remember too the 


Where saniors I 


War at sea 


ought tor vou and 1 


An ther t! 
t 
Of parachutes and burning planes 


e sky was full of 


But our boys are on the job 


And will fight this war until the en 


st as we can, 


ur bovs W ll } ive plenty ol 


home smil 
Katherine Jones 
(Age 11) 


Ballston Lake New \ 


tlames 


i 


ng with victory t 


\ 


an ethvbt Ive New Brita 
) B J Adelsor Shaker 
Ferndale, Mich ymas 
Hamden, Conn.; Kay Lorrain 
Mort Pittsfi \lass 
Basch Bata i N \ Le 
(sranquist, New Britain, ¢ 
Wis.: Jerry Le« Brenner 
Pottstown, Pa.: Mary | 
Ziegler Kalamazoo Mich i 
Cooper Peoria Ill Theln i ts 
Mertens Detroit Mich Marg I 
Dauber, Utica, N. ¥ (srace Ant 
Philip C. Reilley, Pittsburgh, Pa 
is, West Allis, Wis.; Arlene Faykosh, Chicage 
i Sue Appel, Springfield, O.; Sydney Elizabe 
National Park N ].: David Atwood Ts 
Muncie, Ind.; Leatha Fulkersor 
Asselin Esse X\ lle Mich. 


Mich n CL ecel 

Lawrence Money 
N \ | le ino; if iT » ck 
Loeb, Armond, N. \ 


A! of then sed to keep Adolf 
kid 


1dS tik fnis that men are f ghttr g for ind | in 
lation in our war effort from Americans of 


IT WORTH LIVING FOR! 


- Frances 
squt il ng 


these 


THE “ENGINEERED ALLOYS” BOOTH 
AT THE CLEVELAND SHOW 


™ | 
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THE QUALITY NAMES IN ALLOY 
ROR HRAT CORRASTON ARR ASIAN 
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AIRCRAFT PARTS 
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LB etme 
TANK 


| TANI 

ARMOR PLATE 
7 | SHELL CASES 
PROJECTILES 
y_| PROJEC 

GUN MOUNTS 
MACHINE TOOLS 
7 ENGINE PARTS 
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Aluminum Alloys 














SECTIONS 


3” shell-cases are heat treated by cach of 
hese 4 Despatch gas-fired continuous 
conveyor furnaces. Work chambers are 
35’ long by 5'2” wide and 3’ high 
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Bearings 
—— —— 

Castings m4 A . » - 
are uge Air-Flow System Boosts Production 
; - , 

: Gears Why are Despatch furnaces able to heat-treat big loads so much faster? 
a 7. . . . . * . . 
) instruments What is the reason for their better production? How is such high quality 
- maintained on large-scale output? 
: |Magnesium Alloy ; ‘5 : P 
Ma Tea. The answer is found in Despatch’s unique heat-flow system, where the 
VY | Pistons use of larger, high-volume fans increases the movement of heated air 
4/ | Punches enormously; p/us improved methods of distributing this huge flow to 
, reach every spot in the work chamber. 
Shaftin ; . , : ; :, 
4 Me ence Best possible use is thus made of recirculated air, which passes through 
ay | Sprockets the load to give maximum penetration. This system offers truly outstand- 
7 VY \Taps ing advantages in speed, heat uniformity and fuel economy. 
S ap . P é ‘ : . 
; Fullest benefits from the speedy furnace are obtained by use of the most 
YY | Weldments modern material-handling systems, with resulting savings in time, space 
"4 Winches and labor. 
~ > 2 — 
J OR 
DAY | 
: h engineer, 
c ith r 
. the furnace OVEN COMPANY sinNEAPOLIS 
- juirements 
- No. 81 just 
. ask for it. 
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New Equipment and Products 


Neeeeeeeeee 


Portable Tensile Tester 

Features of this testing 
machine have broadened the 
scope and utility of stress testing 
of materials, according to W. C. 
Dillon & Co., Chicago. This 
expansion of usability is particu- 
larly noticeable in the table 
model, an in-between-size instru- 
with speci- 


ment, capacity for 


mens up to 1 ft. long and 9 in 
wide, and load up to 10,000 Ib 
This versatility results from 
the use of the Dillon Dynamom- 
which is 


eter stress indicator, 


said to permit wide limits otf 


measurement with a uniformly 
small stress-reader. Height starts 
at 32 in. for the table model to 
Strength 


deter- 


78 in. for the floor type 
of any material may be 
mined so long as the breaking 
point of the specimen lies between 
zero and 15,000 Ib. 

Delivery: Reasonably prompt, 


wecording to priority supplied. 


Finishing Wheels 

New “MX” wheels, announced 
by the Carborundum Co. of 
Niagara Falls, N. Y., are made up 
of thin dises of cotton fibres inti- 
mately impregnated with either 
the uniformly graded grains of 
Aloxite Brand Aluminum Oxide 
Silicon 


These thin dises then 


or Carborundum Brand 
Carbide, 
are joined together in the form 
of wheels of various diameters 
and thicknesses. Wheels are so 
fabricated as to give’ variable 
degrees of resiliency and flexibil- 
itv and are made in six grades of 
hardness. 

Result is a clean, free cutting 
wheel giving at once a light stock 
removing and a high polishing 
action, the wheels requiring but 
little pressure. The harder grades 


No. 1, 2 and 3 are recom- 
mended on work that has a more 
severe action on the wheel. They 
are designed for such jobs as 
removing sharp burrs, or break- 
ing down edges of gears. Grades 
t, > and 6 are recommended for 
polishing small plane surfaces or 
areas, 

New Welder 

New alternating current 
welder, operating on a perfected 
electrical circuit which produces 
the proper voltage for every cur- 
rent setting, is announced by 
Allis-Chalmers Mfg. Co. of Mil- 
waukee, 

Designed to increase the efli- 
ciency and step up the speed of 
welding heavier, thicker metals, 
the transformer and reactor is 
built as an integral unit. Reactor 
coils surround the air gap, elim- 
inating magnetic leakage. This 
arrangement is said to provide 
continuous control from 35 to 
250 amperes. The new welder is 
built without plugs, taps or 
switches. Manual control at the 
top of the unit covers the entire 
welding range from maximum to 
minimum setting with a few turns 


of the control handle. 


Stratosphere Chamber 

To test the mechanical parts 
of aircraft as well as radio used 
in high altitude work, the Kold- 
Hold Mfg. Co. of Lansing, Mich., 
has developed a stratosphere 
between 


chamber that operates 


the temperatures of 200° F. above 
zero and 75° F. below zero, with 
an internal pressure variation | 
atmosphere down to 3 in. of 
mercury. Both pressure and tem- 
perature variations are control- 
lable throughout their ranges. 


This unit has an interior 
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chamber volum: 
mately 245 cuft 
“Freon-12” as a ref 


refrigeration eff 


acceptance from the her. is 
by forced convecti through 
coils designed for | tempera- 
ture work 

During a recent sj il show- 
ing, a test and research engineer 


for an aircraft company deter- 
mined both output and input of 
their own product under strato- 
spheric conditions. Results were 
obtained in nly 4 hr. that would 
have taken days to a mplish 
under former methods 


ing test pilots and a special plane 


New Fusion Welded Joint 


New type of weld and welding 


procedure has been dev yped DN 
W. K. Mitchell & ¢ Ine, of 
Philadelphia, permitting fus 
butt-welded joints to be made 
with complete penetration t 
root of the weld The method 


eliminates the backing rings 


strips heretofore used in_ pip 


joints, or places where welding 


can be done from one side only 


Tempilag 

Employing the same principle 
as Tempil pellets and Tempilstiks, 
a new product known as Tem 
pilaq is availabie in a wide range 
of pre-determined melting points 
between 125 and 1600° F. Manu- 
factured by the Tempil Corp. 0 
New York City, Ten pitaq Is 
daubed on the working surtace 
and dries in an insta When 


the temperature stat mm the 


container is reached, smear 
liquefies sharply. On ng, it 
solidifies, leaving a ssy OF 
vitreous mark distine y dif 
ferent from its origin ippear- 

94h 


ance. Turn ti 





ALUMINUM CASTINGS 


ARE GOING (/vez IN PLANES...—_TANKS...— SHIPS! 


‘now our Castings will give a very good account of themselves wherever they go, because 


y Aad 


every one of them meet all the specifications of the Army... — Navy...— Air Corps. 
ty to meet these rigid specifications with speed and quantity production is your guaran- 


eiving quality sand and permanent mold aluminum castings when the victory is won. 














New Products 





Molding Press 
250-ton hydraulic press of the 
semi-automatic hot molding type 
with a completely electrically 
timed cycle was recently built by 
the E. W. Bliss Co. of Brooklyn 
The automatic cycle permits 


independent adjustment of the 


lengths of preliminary cure, gas- 
sing period and the final cure. A 
variation of this control affords 
independent timing of a chilling 
period if required and an inde- 
pendent timing of the flushing of 
the mold passages at the comple- 
Ability to 


change from the quick advance 


tion of the evele. 
speed to the pressing speed before 
contact insures a gentle entrance 
into the mold, and is particularly 


good when working fine powders. 


ae) 





Hundreds of these agitator drives will 


G 


ations in our rapidly accelerating synthetic 
The shaft the very heart of the 
much depends the quality of the 
1”-5” diameter are machined from H 


PENN Machinery Steel and used withou 


High usable strength, freedom from distortic 


1 . 1 
as well aS in service, are al 


ELASTUF PENN combines these qualities 


i uniformity and it is availat 


ity anc 


critical alloys 


Learn more at 


write for 





yn in machining 
needed in the steel selected 
with dependal 


since 


bout ELASTUF PENN Machinery Steel 
the booklet “ELASTUF STEELS IN ACTION.” 


ELASTUF 
PENN 


Serves in 
the Rubber 
Program! 


xerform vital oper 
ibber program 
consequently 

steel used Shafts 


lled ELASTUF 


heat treatment 


it contains no 











BEALS-McCARTHY & ROGERS ¢ BUFFALO-ROCHESTER 
BROWN-WALES CO. « 
HORACE T. POTTS CO. « 


BOSTON, MASS.-LEWISTON, ME. 
PHILADELPHIA-BALTIMORE 


Vetal Progress; Page 916 





Speedy Furnace De! 

“Forty-nine day 
plant operation” IS 
ord recently set by lohi 
Gas Appliance Co » B 
ids, lowa, in produ 
heat treating fur 
size. Its inside com! 
ber is 36 in Wide 
and 60 in. long. If 
features as an ele 
ated door which ra 


and stops automati: 


Brightening Steel 

Surbrite, a steel s 
tioner, has just been in 
by the Hanson-Van \W Vl 
ning Co. of Matawa N. J 
free-running powder, Surbrit 
added to hydrochlo: 
sulphuric acid pickk Its 
in small quantities 
to regular acid pi k 
bright, smut-free surfa 
and steel, and is said 
acid consumption and 
in comparison with pir ‘ 
tice where plain 


without inhibitors 


Tool Bit Cuts Hard Metals 
New line of t 
machining hard, toug! 
copper and aluminut 
been announced by B 
Co., Cleveland hes 
made of the same met 
proved its value in tl 
“Hardsteel” drills a 
Many advantages are 
the material, such 
shock-resistance tha 
or cemented tools and 


resistance 


New Temperature Conti 
So designed that 
ally warn an operato! 
in temperature s 
automatic control t 
heated salt bath fu 
been announced by 
Electric Furnace 1) 
Detroit. Claimed to! 
and simple in op 
designers insist thal 
perienced workers ¢a 
temperature heat tre 


and get perfect resull 



















-THEAT TREATMENT 


IN Ajax-Hultgren ELECTRIC SALT BATH FURNACES’ 


a 


temperature controls . . . Sizes, standard shipping dimensions, 


SUBJECTS COVERED installation tables . . . Mechanized and Manual installations 


. . » Types of industry using electric salt bath furnaces... 





. = ; Performance reports . .. all are fully covered. 

Basic Heat Treating Processes: . 

ANNEALING (wire, bars, stampings, etc.) A great many executives are familiar with Ajax installations* 
AGE HARDENING (aluminum alloys) for the standard liquid heat treating operations. 


BRAZING 


BRAZING AND CARBURIZING SIMULTANEOUSLY 
CARBURIZING use, new high output processes developed exclusively by Ajax 


However, though over a thousand of these furnaces are in 


CYANIDE HARDENING may be something of a revelation to many. 
DRAWING STEEL PARTS 
HARDENING HIGH SPEED STEEL TOOLS 
HEATING FOR FORGING 


NEUTRAL HARDENING ' mamen | 
SELECTIVE HEATING engines, antiaircraft and machine gun parts, tanks, jeeps, 


You will want to know something more about a furnace 
method which has been universally adopted by leading air- 
craft and armament makers for heat treating vital parts of 


MPERING STEEL PARTS army trucks, airplane structures, armor-piercing shot, high 





explosive shells, armor plate, steel cartridge cases 








There is up to date information in this publication which 


OSTS AND OPERATING PRINCIPLES: 


cannot fail to be of value to you or your staff. You may have 


\jax-Hultgren internal (electrode) heating principle see it, without obligation, by writing: 
Aut ic circulation of the bath . . . Thermal efficiency com- 

; ; : : . FRANKFORD AVE. AT DELAWARE AVE 
ired to fuels... Pot Jife ... Maintenance costs . . . Automatic AJAX ELECTRIC CO., INC. PHILADELPHIA. PA 






*THERE’S AN AJAX INSTALLATION NEAR YOU! 





“AJ A X ELECTRIC SALT BATH FURNACE 


HULTGREN 





ASSOCIATE AJAX METAL COMPANY, Non-Ferrous Ingot Metal for Foundry Use 
AJAX ELECTRIC FURNACE CORPORATION, Ajox-Wyott Induction Furnaces for Melting 
COMPA NIES: AJAX ELECTROTHERMIC CORPORATION, Ajox-Northrup Induction Furnaces for Melting, Heat -Treotiag 





Congress 





(Starts on page 895) 
test. It was found that the stress 
critical 


in a drawn cup at a 


the maximum diameter of the 
blank that can be 


cup, it 1s possible to predict this 


drawn into a 


diameter from the tensile curves. 
Discussion brought out the fact 
that this correlation between 


tensile results and drawability 


would be altered by punch and 


Lockhe 
Research Labora! 


be examined for 


neers in 


exposition ol the 
determining “draw 

Two novel p 
working were press 


at a week-end sess 


hold- 
blank 
thickness, condition of combined 


diameter where local necking or die design, lubrication, showed that the ma 


failure occurs is practically iden- down pressure, speed, hardness obtained 


steels 
variety of heat tr 
Metal Progress by engi- ducing different st 


tical with the true stress at the manganese 


maximum load point in the ten- stress. The recent series of arti- 


sile test. Since this stress limits cles in 


practically the san 





concluded that 
explanations for sti 
ing in this alloy, bass 
position of austenil 
and carbide or t 
provides a compl 
HERSCHMAN studied 
| hardness of medium 
TO ‘ ; = plate, cold rolled 1 
PLANT OPERATION 0.0003 in. and less 
surface he 





found a 
hardness which vari 
with the original met! 
plate. Tl 


; 


facing the 





and ground plates 
pronounced decreases 


Zz + 
% 

* 

a 

& 

. 

~ 


ished plates becauss 


work induced by bufling 
Metal at High Ten 
Studies on deformati 


OR0GERA tH Ete 


at high temperatures 


papers 


results of a 


fined to few tI 
but the 


research on a carb 


tl 


J OHNSON 


FURNACES fri 
*, INDUSTRY | 


x 

” none wake ao 

When you must have a specially designed and built furnac * 
for a specific job, and MUST HAVE IT IN A HURRY 


call on JOHNSON, Che above large, heat-treating turnace was 2 . 
war ' g in 49 davs. producing a constant temper ture changed from 


mit and rat 
ture of 2000 | day and 1 4 it n ure u plat side WEEKS line to 
long. Lined with 51%” insulation and faced with 444” insulat DELIVERY 
aaaasand , t on 
Standard slow rates of strainu 


JOHNSON =| not 
UNITS oration 


Carrying emphasized that th 
Al-J sound metal may be 
Priority tile 
Rating or cussion it 
Better 


num grade were re] 
MILLER, 


showed that as the 


SPECIALLY DESIGNED 
AND BUILT FOR WAR 
PLANT HEAT-TREATING 
—IN JUST 49 DAYS! 


SMITH and Kk 


was decreased thi 
strength increased, a 


gation first increase 


decreased as the m 
by 
intergranulal 
concluded that this 
through the grain b 


normal at high temp: 


necessarily ind 
and lack 
fracture 


ion 


CE CO preceding 


as it was origin 


was n 





(Continued on ] 
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MacGrecor and WELCH pre- alfected alike by t 
sented a two-load method for Surface Treatm: 


% * 
> te e& “af : Pe 
€ 0 i sre SS deriving true stress-strain curves rizing, which one: 


for various ferrous and non- occupied several s 





ferrous alloys. They demonstrate represented by on! 

(Starts on page 895) that ductility at high tempera- MANNING'S work 
although these steels have less ture may best be pictured by the common steels and 
ductility in the pearlitic condi- true uniform and the true local rizers indicated tha 

tion than after spheroidization, necking strains, and that the two bon contents are 
even a pearlitic structure will usually are affected differently higher carburizing | 
tend to spheroidize and improve by the testing temperature; on in spite of common 
in ductility after a stay at ele- the other hand, the true fracture to the contrary. Chri 
vated temperatures. and local necking strains are to produce and nic 
very high carbon casi 





Another surfacin 
was discussed by K 
HArNER in their pape 
mizing of Steel”. Th 
strated that it is practica 
chromize at 1650° F. with ¢ 
eous CrCl, produced by react 
of ferrochromium with H¢ 
BaCl,. While low cart 
may be chromized read 
with as little as 0.20 
must also contain a 
amount of strong carb 
ing elements such as 
num to fix the carbon 
the carbon diffuses 





surface, forming a ca 

rier which stops the i 

fusion of chromium 
Galvanizing was rv 


by a paper in which R 




















i and Romic describe 


technique for polishing 
ing to bring out the alloy 


ANNEALING ATMOSPHERES | «\""° 


suspension with pH ec 


KEMP SILICA GEL DEHYDRATORS 7 to 7.6 does the trick 


guarantee the exact degree of dryness you Life was finally br 


these meetings by ©! 
—_ db etaat: NUNGESTER who shock: 

ied es sia tian sth tatty Capacities: weary ASMember (a! 
and proven by an impressive record of 10 to 100,000 c.f. m. Sad tw contenterous 


. . . Pressures: 
dependable and economical operation in Atmospheric to 2500 mate metals) by sh 


plants demanding constant and exact drying Ba eee inch even a wee little su 
of annealing atmospheres. Silica Gel, high ca- terium, two microns 
pacity, long life 
Write The C. M. Kemp Mfg. Company, Activation: 


s . By gas, electricity, his pals go through | 
405 East Oliver Street, Baltimore, ar dlinen. an aie | 


Maryland—ask for Dryer Bulletin. Types: 
Single or twin towers cally enough, they se« 
for intermittent or ity ' . 

continuousoperation lines 
there they chew t! 


walls of a pipe faster 


K E M P o f B A L T : M 8) R E mythical desert 


destroyed so many st 





need in your annealing atmospheres. 


raise hell in a steel m 
ing sulphates to H,5 


carry ing cool 














i¢ 








Metal Progress; Page 958 








‘ee eeeceeene 
(1eeetete 
ii teeneee. 


: ; 


> 


MISCO 





ALLOY SHEET 


Dipping Baskets 










Correctly fabricated in high tempera- 
ture alloy sheet, these sturdy, light- 
weight Misco dipping baskets are ex- 
tremely resistant to cyanide corrosion. 
High temperature strength, freedom 
from cracking, scaling and warping 


are Misco characteristics long accepted 


9 


—- MISCO ROLLED THERMOCOUPLE 
PROTECTION TUBES 


Misco protection tubes are recommended for us« 


temperatures up 


shows uniform 


every point. 


with threaded or plain ends. 
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under the most corrosive or oxidizing conditions 
in furnaces and in liquid heating mediums at 
200 *F. Misco tubes 


are sound throughout; 


Furnished in 


all diameters and lengths 


One of the World’s Pioneer Producers of Heat and Corrosion Resis:ant Alloy Castings 


1980 GUOIN STREET 


and recognized by heat-treat operators 
everywhere. 

Misco dipping baskets are furnished 
in any size with perforations and bails 
to suit your requirement and regard- 
less of the severity of the operation 
will give you the highest efficiency at 


low est cost. 












cutaway section 


thickness at 


More 
uniform than 
any type cast tube 





DETROIT MICHIGAN 








Oxidation of Copper* 





RATE OF OXIDATION of cop- 

per has been very little 
studied at room temperatures 
owing to its slowness. In these 
new experiments electron diffrac- 
tion patterns were used to meas- 
ure the rate of the reaction 


between copper and pure, dry 


oxygen at room temperature and 


20 mm. pressure. Initial mean 
film thicknesses ranged from 20 
to 100 A, 

Radii of the resulting diffrac- 
tion rings are related to the spac- 
ings of the crystal planes by 


Bragg’s equation, and the amount 





 Retorts 
* Pots 

* Grids 
e Tubes 


° Muffles 
° Boxes 
* Rails 
* Rolls 


e Sprockets « Chains 


¢ Heat-Resistant and 


Corrosion-Resistant 
Castings of All Kinds 


EVERYONE’S JOB IS IMPORTANT 


suring maximum production at all times. 


To insure steady completion of War 
machines, everyone's job is important, 
because it is the production of the raw 
materials, the machine tools and other 
machinery and parts that make possi- 
ble the final assembly of tanks, guns, 
planes, ships and munitions. 
MICHIANA Alloy Castings are doing 


their part in the foremost plants in the 


For heat-treatment purposes, for 
the furnaces, and the handling of the 
work in the furnaces,—you can rely 
on MICHIANA Alloy Castings. Our 
recommendations and assistance can 
save time for you and help you to 
perform still better your particular job 


in the war production program... 


country, —their uniform high qual- MICHIANA PRODUCTS COR- 
ity and long heat-hour service in- PORATION, Michigan City, Ind. 
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of the chief constitu 
judged by measuring 
sity of its principal 

Each specimen co; 
film of copper vapor 
strip of plastic withir 
ated diffraction ca; 
specimen was thus ne (posed 
to the atmosphere eighed 
amount of copper wa iced it 
a V-shaped tungst, ribbor 
directly below the cime 
holder in the camera ch was 
exhausted and a diff; Nn pal 
tern of the foil recorded Th 
holder was then rotated into 
horizontal position and | 
per vaporized by elect; 
heating the supporting tungste 
The mean thickness of the resylt 
ing film upon the thin Supports 
may be calculated. 

A diffraction pattern of th 
freshly prepared copper film was 
recorded at once upon the photo- 
graphic plate, and the desir 
pressure of oxygen was then rap- 
idly admitted to the camera. The 
reaction was allowed to proceed 
for about 2 min. before the 
oxygen was pumped out and a 
diffraction pattern = aga 
obtained, this time from the film 
in its partially oxidized condi- 
tion. Oxygen was again vimitted 
and the entire process was 
repeated until the photographic 
plate was filled with patterns 
The reaction time interval was 
progressively doubled, and at the 
end of a run the cumulative time 
of oxidation was 200 min 
and the undevel 


plate were 


Specimen 
oped photographic 
then left over night in oxygen 
in order that a final pattern 
might be recorded afte! eaction 
for a cumulative total of about 
The standard pres- 


ype 


sure of oxygen for these eX] 


1200 min. 


ments was 20 mm., but 
made at a (Continued 
*Abstracted from “Tl 
Oxidation of Copper at | 
perature”, a paper by 
White and Lester H. ¢ 
the Electrochemical So 
1942, published in Bell 
System Technical P 
Chemistry Monograph B 
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graphs. From this ratio was 
_s . determined the fraction of the 
Oxidation 


original copper specimen which 


had been oxidized when the pat- 





tern in question was recorded. 

(Continued from page 962 The diffraction patterns were 
pressure ol ! mm. exhibited an used also to estimate dimensions 
unchanged rate of oxidation. of the Cu,O erystals and of the 
Microphotometet curves ol cubic crystals of unoxidized cop- 
diffraction patterns were used to per which had been condensed 
measure the relative intensities on the supporting foil, prior to 
of the (111) rings of CuO and any oxidation. Their linear 


of copper on the various photo- dimensions in directions normal 
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to the beam were ( 
copper and 30 to 40 

The results of 
upon the films of 
mean thickness eg 
sented by the equati 

mm a+b log 

b’ log. (a’t 

so that the equal 

dim om di—l! 
where m,, is the orig 
copper per unit area 
the mass of coppel 
in the Cu.O lattice. 
time of oxidation in 
greater than 2 min 
determining cons 
equation | is SU 
reproducible, and equ 
0.20, while ec expel 
comes out as zero by 
a finite quantity sine 
intrinsically positive rl 
cept a is very erratic 
at the beginning bein 
perhaps to the pressu: 
gen and of residual im) 

Oxidation of the 90A 
also be represented DY 
1) with a value 0.1 
stant b. This reduced 
the rate-determining « 
consistent with the 
exposed surface per unil 
be expected of a thi 
men. Such an oxide fi 
tective, since afte! 
lapse of time the rat 
oxidation is negligible 

It is concluded thal 
temperature the oxida 
time greater than 23 
ceeds according to eq! 
where m m, is the ! 
the original copper wi 
been oxidized, and f Is 
in minutes. Of tne c 
b and c, Db is reprod 
c approaches zero. Us 
assumptions consisten! 
size and shape ol 
crystals as inferred 
diffraction patterns, 
ness of the local ox 

? $6.5 log 

where ¢ is measured 
rin Angstrom units 
film thickness of ab 


predicted by this equ 
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remains to be don 
explanation of the | 


can be put forward 





